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ABSTRACT
The p r i m a r y  p u r p o s e  o f  t h i s  s t u d y  was  t o  d e t e r m i n e  i f  t h e r e  
was a s i n g i f i c a n t  d i f f e r e n c e  i n  p e r c e i v e d  e x e r t i o n  o f  b l a c k  s u b j e c t s  
v e r s u s  w h i t e  s u b j e c t s  u n d e r  c o n d i t i o n s  o f  e n d u r a n c e  and  s h o r t  
e x p l o s i v e  e f f o r t s .  A s u b - p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  i f  
t h e  b l a c k  s u b j e c t s  p o s s e s s e d  a e r o b i c  an d  a n a e r o b i c  c a p a c i t i e s  
s i g n i f i c a n t l y  d i f f e r e n t  t h a n  th e  w h i t e  s u b j e c t s .
S u b j e c t s  f o r  t h i s  s t u d y  w e r e  t w e n t y  w h i t e  m a le s  and  t w e n t y  
b l a c k  m a l e s  who w e r e  e n r o l l e d  i n  v a r i o u s  s e r v i c e  c o u r s e s  i n  t h e  
H e a l t h  and  P h y s i c a l  E d u c a t i o n  D e p a r t m e n t  a t  Lamar U n i v e r s i t y ,
Beaum ont ,  T e x a s ,  d u r i n g  t h e  F a l l  s e m e s t e r  o f  1975 .  A l l  s u b j e c t s  w e r e  
s u b j e c t i v e l y  c h o s e n  i n  an  a t t e m p t  t o  h a v e  s u b j e c t s  a s  p h y s i c a l l y  
homogeneous  a s  p o s s i b l e .
Bo th  g r o u p s  o f  s u b j e c t s  w e r e  t e s t e d  on a b i c y c l e  e r g o m e t e r  
f o r  p e r c e i v e d  e x e r t i o n  (RPE) u n d e r  c o n d i t i o n s  o f  e n d u r a n c e  a t  w ork  l o a d s  
o f  3 0 0 ,  6 0 0 ,  9 0 0 ,  1200 ,  and  1500 kgm/min .  The Borg  S c a l e  was employed  
t o  q u a n t i f y  s u b j e c t s '  r a t i n g  o f  e x e r t i o n .  P e r c e i v e d  e x e r t i o n  f o l l o w i n g  
e x p l o s i v e  e f f o r t s  was o b t a i n e d  a t  h e a r t  r a t e  l e v e l s  o f  140,  150 ,  160 ,  
and 170 b e a t s  p e r  m i n u t e .  S u b j e c t s  p e d a l e d  t h e  e r g o m e t e r  a t  t h e  r a t e  
o f  150 r e v o l u t i o n s  p e r  m i n u t e  and  i n d i c a t e d  t h e i r  p e r c e i v e d  e x e r t i o n  
by  c a l l i n g  o u t  t h e  a p p r o p r i a t e  number on t h e  B org  S c a l e .  The 
e r g o m e t e r  was s e t  a t  900 kgm/min t h r o u g h o u t  t h e  e x p l o s i v e  e f f o r t  
t e s t i n g .
A e r o b i c  c a p a c i t y  d a t a  w e r e  o b t a i n e d  by  e m p l o y i n g  t h e
p r e d i c t e d  maximal  oxygen  c o n s u m p t i o n  t e s t  d e v e l o p e d  b y  A s t r a n d  and
i x
Rhyming.  S u b j e c t s  p e d a l e d  a b i c y c l e  e r g o m e t e r  f o r  s i x  m i n u t e s  w i t h  a 
work  l o a d  e s t i m a t e d  to  p r o d u c e  a  h e a r t  r a t e  b e t w e e n  130 bpm and  150 
bpm. The s u b j e c t s  w e r e  t e s t e d  f o r  a n a e r o b i c  c a p a c i t y  by  e m p l o y in g  
t h e  M a r g a r i a  -  Kalamen Power T e s t .  Equ ipmen t  r e q u i r e d  f o r  t h e  power 
t e s t  i n c l u d e d  a s t a i r w a y  and  a  DeKan A u t o m a t i c  P e r f o r m a n c e  A n a l y z e r  
w i t h  two s w i t c h m a t s .
The a n a l y s i s  o f  v a r i a n c e  f o r  r e p e a t e d  m e a s u r e s  was com puted  
on t h e  d i f f e r e n c e s  b e t w e e n  s c o r e s  f o r  b o t h  g r o u p s  o f  s u b j e c t s  on  e a c h  
o f  t h e  f o u r  f a c t o r s  m e a s u r e d .  C o r r e l a t i o n  c o e f f i c i e n t s  w e r e  computed  
i n d i c a t i n g  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  v a r i a b l e s  a e r o b i c  c a p a c i t y ,  
a n a e r o b i c  c a p a c i t y ,  a g e ,  h e i g h t ,  and  w e i g h t .
B a se d  on t h e  f i n d i n g s  o f  t h i s  s t u d y ,  t h e  f o l l o w i n g  c o n c l u s i o n s  
we re  made:
1.  The s u b j e c t i v e  r a t i n g s  o f  e x e r t i o n  o f  b l a c k  s u b j e c t s  i n  
p r o l o n g e d  e n d u r a n c e  p e r f o r m a n c e  a p p a r e n t l y  do n o t  d i f f e r  f rom  t h e  
p e r c e p t i o n  o f  e f f o r t  o f  w h i t e  s u b j e c t s .
2 .  The s u b j e c t i v e  r a t i n g s  o f  e x e r t i o n  o f  b l a c k  s u b j e c t s  u n d e r  
s h o r t  e x p l o s i v e  p e r f o r m a n c e  a r e  n o t  d i f f e r e n t  f rom t h e  p e r c e p t i o n  o f  
e f f o r t  o f  w h i t e  s u b j e c t s .
3 .  The p r e d i c t e d  maximal  oxyge n  c o n s u m p t i o n  o f  b l a c k  s u b j e c t s
d o e s  n o t  d i f f e r  f rom t h a t  o f  w h i t e  s u b j e c t s .
4 .  The a n a e r o b i c  c a p a c i t y  o f  b l a c k  s u b j e c t s  r e s u l t i n g  f rom  a
t e s t  o f  power i s  g r e a t e r  t h a n  t h e  a n a e r o b i c  c a p a c i t y  o f  w h i t e  s u b j e c t s .
C h a p t e r  1
INTRODUCTION
The s u b j e c t  o f  d i f f e r e n c e s  i n  a t h l e t i c  p e r f o r m a n c e  c a p a c i t i e s
b e tw e e n  b l a c k s  and w h i t e s  g o e s  b a c k  p e r h a p s  t o  t h e  y e a r  1619.  T ha t
was t h e  y e a r  t h a t  b l a c k  s l a v e s  f rom  t h e  G u ine a  c o a s t  o f  West  A f r i c a
1
w e r e  b r o u g h t  t o  A m e r i c a  b y  a  D u tc h  m a n - o f - w a r .  W hi le  t h a t  was some
356 y e a r s  a g o ,  t h e  h i s t o r y  o f  b l a c k  i n v o l v e m e n t  i n  A m e r i c a n  s p o r t
d i d  n o t  b e g i n  u n t i l  a f t e r  t h e  C i v i l  War . B l a c k  j o c k e y s  d o m in a t e d
h o r s e  r a c i n g  u n t i l  t h e  t u r n  o f  t h e  T w e n t i e t h  C e n t u r y .  The f i r s t
r e c o r d e d  c o m p e t i t i o n  o f  s i g n i f i c a n c e  b e t w e e n  a b l a c k  a t h l e t e  and  a
w h i t e  a t h l e t e  o c c u r r e d  i n  1912 when J a c k  J o h n s o n ,  a b l a c k  h e a v y w e i g h t
f i g h t e r ,  and  Tommy B u r n s ,  t h e  w h i t e  h e a v y w e i g h t  c h a m p i o n ,  f o u g h t  f o r
t h e  h e a v y w e i g h t  t i t l e . ^  I n  1932 E d d i e  T o l a n  became t h e  f i r s t  b l a c k
4
Am er ican  t o  w in  an Olympic g o l d  m e d a l .  F o u r  y e a r s  l a t e r  a n o t h e r  
b l a c k  A m e r i c a n  a t h l e t e ,  J e s s e  Owens, r e a l l y  p ro m p te d  t h e  s p e c u l a t i o n  
a s  t o  t h e  c a p a c i t y  f o r  a t h l e t i c  p e r f o r m a n c e  o f  b l a c k  v e r s u s  w h i t e  
a t h l e t e s  a s  he c a p t i v a t e d  t h e  1936 O lym pics  i n  B e r l i n . " *
^ M e l v i l l e  J .  H e r s k o v i t s ,  The A m e r i c a n  N e g ro :  A S t u d y  i n
R a c i a l  C r o s s i n g  ( B l o o m i n g to n :  I n d i a n a  U n i v e r s i t y  P r e s s ,  1 9 6 4 ) ,  p .  82 .
2
M a r t i n  Kane ,  " A s s e s s m e n t  o f  B l a c k  i s  B e s t , "  S p o r t s  
I l l u s t r a t e d , 3 4 : 3  ( J a n u a r y  18 ,  1 9 7 1 ) ,  p p .  7 2 - 8 3 .
~*Bill Rhoden ,  "Are B l a c k  A t h l e t e s  N a t u r a l l y  S u p e r i o r ? "  E b o n y . 
3 0 : 2  (Decem ber,  1 9 7 4 ) ,  p .  134.
4 Ibid .  j 5 lb i d .
2The " p o w e r"  e v e n t s  i n  a t h l e t i c s  h a v e  b e e n  v i r t u a l l y  d o m i n a t e d  
by  t h e  b l a c k  a t h l e t e .  One h a s  o n l y  t o  v i e w  p a s t  Olympic r e c o r d s  to  
f i n d  t h a t  b l a c k  a t h l e t e s  h a v e  d o m i n a t e d  t h e  s p r i n t  e v e n t s ,  t h e  j u m p s ,  
a n d  t h e  h u r d l e s .  I n  a d d i t i o n  b l a c k s  h a v e  e x c e l l e d  i n  e x p l o s i v e  power 
t y p e  e v e n t s  s u c h  a s  b o x i n g  and  b a s k e t b a l l  w h i c h  p l a c e s  t h e  e m p h a s i s  
on q u i c k n e s s  o f  hand  and  f o o t .  I n  a d d i t i o n  t h e  b l a c k  a t h l e t e  h a s  
e x c e l l e d  i n  c e r t a i n  p o s i t i o n s  i n  b a s e b a l l  and f o o t b a l l  t h a t  r e q u i r e  
power p e r f o r m a n c e .
C o n t r a r i l y ,  t h e  b l a c k  a t h l e t e  h a s  b e e n  c o n s p i c u o u s l y  a b s e n t  
f rom  t h e  l i s t s  o f  t h o s e  who h a v e  a c h i e v e d  s u c c e s s  i n  s p o r t i n g  e v e n t s  
i n  w h ic h  t h e  e m p h a s i s  i s  p l a c e d  on  e n d u r a n c e ,  s u c h  a s  t h e  m a r a t h o n ,
f.
l o n g  d i s t a n c e  t r a c k  e v e n t s ,  a n d  swimming.
I n  A m e r i c a n  p r o f e s s i o n a l  a t h l e t i c s ,  a s u r v e y  t a k e n  i n  1967 o f
t eam s  i n  t h e  N a t i o n a l  B a s k e t b a l l  A s s o c i a t i o n ,  t h e  N a t i o n a l  F o o t b a l l
L e a g u e ,  and  t h e  A m e r ic an  and N a t i o n a l  b a s e b a l l  l e a g u e s  p r o v i d e d
f u r t h e r  e v i d e n c e  t h a t  t h e  b l a c k  a t h l e t e  h a s  a c h i e v e d  d i s p r o p o r t i o n a t e
s u c c e s s  i n  t h e s e  r e s p e c t i v e  s p o r t s .  B l a c k s  made-up 36 p e r c e n t  o f  t h e
b a s e b a l l  p l a y e r s ,  44  p e r c e n t  o f  t h e  f o o t b a l l  p l a y e r s ,  and  63 p e r c e n t
o f  t h e  b a s k e t b a l l  p l a y e r s  c h o s e n  t o  1969 -  1970 p r o f e s s i o n a l  a l l - s t a r  
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t e a m s .
Some o b s e r v e r s  a t t r i b u t e  t h e  d o m i n a t i o n  o f  c e r t a i n  t y p e s  o f  
a t h l e t i c  e v e n t s  by  t h e  b l a c k  a t h l e t e  t o  c u l t u r a l  and  s o c i o l o g i c a l
^"Where  N eg roes  Have ' S t r u c k  I t  R i c h ' , "  U. S.  News and  World  
R e p o r t , 63 (December 11,  1 9 6 7 ) ,  p .  71 .
^Kane,  o p .  c i t . ,  pp .  7 3 - 7 4 .
f a c t o r s  i n c l u d i n g  v a r i a n c e s  i n  e d u c a t i o n ,  m o t i v a t i o n ,  i n t e r e s t s ,  
f a m i l y  and n e i g h b o r h o o d  t r a d i t i o n s ,  and economic  o p p o r t u n i t y .  
R e s e a r c h e r s  h a v e  a t t e m p t e d  t o  e x p l a i n  t h e  s u c c e s s  o f  t h e  b l a c k  a t h l e t e  
i n  t e r m s  o f  c e r t a i n  s i g n i f i c a n t  b i o l o g i c a l  d i f f e r e n c e s  b e t w e e n  th e  
b l a c k  and  w h i t e  a t h l e t e .  Metheny® c o n d u c t e d  an a n t h r o p o m e t r i c  s t u d y  
o f  b l a c k  and  w h i t e  m a l e s  and fo u n d  t h a t  b l a c k s  had h e a v i e r  bone 
s t r u c t u r e s ,  g r e a t e r  m u s c u l a r  d e v e l o p m e n t ,  l o n g e r  f o r e a r m s  and  l e g s ,  
n a r r o w e r  h i p s ,  a l l  o f  w h i c h  p r o v i d e d  t h e  b l a c k  a t h l e t e  w i t h  a 
k i n e s i o l o g i c a l  a d v a n t a g e  i n  c e r t a i n  t y p e s  o f  a t h l e t i c  p e r f o r m a n c e .  
C o n v e r s e l y ,  t h e  a u t h o r  f o u n d  t h a t  i n  c h e s t  d e v e lo p m e n t  t h e  b l a c k  
s u b j e c t s  were  d e f i n i t e l y  h a n d i c a p p e d .  The b l a c k s  h a d  s h a l l o w e r  
c h e s t s  and  a r i b  s l a n t  t h a t  p r o v i d e d  f o r  l e s s  e x p a n s i o n  o f  t h e  c h e s t  
w a l l s  d u r i n g  deep  b r e a t h i n g  w h i c h  r e s u l t e d  i n  15 t o  20 p e r c e n t  l o w e r  
b r e a t h i n g  c a p a c i t y  t h a n  t h e  w h i t e  s u b j e c t s .  Metheny c o n c l u d e d  t h a t  
b l a c k s  w ere  h a n d i c a p p e d  i n  t h e  t y p e s  o f  s p o r t s  t h a t  r e q u i r e d  e n d u r a n c e  
p e r f o r m a n c e .  H e r s k o v i t s '  f i n d i n g s  w e r e  i n  a g r e e m e n t  w i t h  Metheny  i n  
t h a t  b l a c k s  had l o n g e r  l e g s  i n  p r o p o r t i o n  to  t h e i r  t o t a l  body  h e i g h t  
and  a l s o  p o s s e s s e d  a s h o r t e r  s i t t i n g  h e i g h t .
Thus r e s e a r c h  e v i d e n c e  h a s  p o i n t e d  o u t  b a s i c  d i f f e r e n c e s  
b e t w e e n  t h e  two r a c e s  w h i c h  would  h a v e  a b e a r i n g  on  a t h l e t i c
g
E l e a n o r  M e theny ,  "Some D i f f e r e n c e s  i n  B o d i l y  P r o p o r t i o n s  
b e t w e e n  A m e r i c an  Negro  and  W hi te  Male C o l l e g e  S t u d e n t s  a s  R e l a t e d  t o  
A t h l e t i c  P e r f o r m a n c e , "  R e s e a r c h  Q u a r t e r l y , 10 :4  (Decem ber,  1 9 3 9 ) ,  
pp .  4 1 - 5 3 .
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H e r s k o v i t s ,  o p .  c i t , , p r e f a c e .
p e r f o r m a n c e  i n s o f a r  as the i n f l u e n c e  o f  body b u i l d  t o  a c h i e v e m e n t  i n  
c e r t a i n  t y p e s  o f  s p o r t  e v e n t s  i s  c o n c e r n e d .  However ,  many q u e s t i o n s  
r e m a i n  u n a n s w e r e d .
A r e l a t i v e l y  new a r e a  o f  r e s e a r c h  t h a t  o f f e r s  e x t r e m e l y
p r o m i s i n g  p o s s i b i l i t i e s  i n  t h e  a r e a  o f  r a c i a l  r e s e a r c h  i s  t h a t  o f
p e r c e i v e d  e x e r t i o n .  P e r c e i v e d  e x e r t i o n  h a s  b e e n  d e f i n e d  a s  m a n ' s
s u b j e c t i v e  e s t i m a t e  o f  t h e  e x e r t i o n a l  c o s t  o f  t h e  work  he  i s
p e r f o r m i n g . ^  I t  h a s  l o n g  b e e n  a c k n o w l e d g e d  t h a t  " m a n ' s  d e c i s i o n  to
c o n t i n u e  o r  c e a s e  h a r d  p h y s i c a l  w o r k ,  a s  w e l l  a s  t h e  i n t e n s i t y  he
c h o o s e s  t o  work  a t ,  i s  g o v e r n e d  i n  a l a r g e  p a r t  by h i s  s u b j e c t i v e  
11 12f e e l i n g s . "  B o r g  d e v e l o p e d  a  s c a l e  t h a t  makes i t  p o s s i b l e  t o  
q u a n t i f y  i n d i v i d u a l ' s  f e e l i n g s  o f  e x e r t i o n .
P h y s i o l o g i s t s  and  p s y c h o l o g i s t s  a r e  v e r y  much a w a re  o f  t h e  
f a c t  t h a t  m a n ' s  p e r f o r m a n c e  o r  w ork  i n  a  h o s t i l e  e n v i r o n m e n t  i s  
g o v e r n e d  t o  a l a r g e  e x t e n t  b y  v e r y  complex  p s y c h o - b i o l o g i c  mechan isms 
I t  i s  h ope d  t h a t  a n  i n v e s t i g a t i o n  i n t o  t h e  p e r c e i v e d  e x e r t i o n  d i f f e r ­
e n c e s  b e t w e e n  b l a c k  and w h i t e  s u b j e c t s  w i l l  shed  a d d i t i o n a l  l i g h t  on 
t h e  a r e a  o f  b l a c k  v e r s u s  w h i t e  p e r f o r m a n c e  c a p a c i t i e s .
" ^ W i l l i a m  P.  Morgan,  " P e r c e i v e d  E x e r t i o n  Sym pos ium ,"  
M e d ic i n e  and S c i e n c e  i n  S p o r t s , 5 : 2  (Summer, 1 9 7 3 ) ,  p .  89.
U I b i d .
12Gunnar  A. V. B o r g ,  " P e r c e i v e d  E x e r t i o n :  A Note  on ' H i s t o r y
an d  M e t h o d s , "  M e d i c i n e  and  S c i e n c e  i n  S p o r t s . 5 : 2  (Summer, 1 9 7 3 ) ,  
pp .  9 0 - 9 2 .
5PURPOSE OF THE STUDY
The p r i m a r y  p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  i f  t h e r e  
was a s i g n i f i c a n t  d i f f e r e n c e  i n  p e r c e i v e d  e x e r t i o n  o f  b l a c k  s u b j e c t s  
v e r s u s  w h i t e  s u b j e c t s  u n d e r  c o n d i t i o n s  o f  e n d u r a n c e  and  s h o r t  
e x p l o s i v e  e f f o r t s ,
A s u b - p u r p o s e  was t o  d e t e r m i n e  i f  t h e  b l a c k  g ro u p  o f  s u b j e c t s  
p o s s e s s e d  a e r o b i c  o r  a n a e r o b i c  c a p a c i t i e s  s i g n i f i c a n t l y  d i f f e r e n t  
t h a n  t h e  w h i t e  g r o u p .
STATEMENT OF THE PROBLEM
The p r o b le m  c o n c e r n e d  p o s s i b l e  d i f f e r e n c e s  i n  p e r c e p t i o n  o f  
e f f o r t  b e tw e e n  b l a c k  a d u l t  s u b j e c t s  an d  w h i t e  s u b j e c t s .  S p e c i f i c a l l y ,  
do b l a c k  s u b j e c t s  p e r c e i v e  p r o l o n g e d  e n d u r a n c e  e x e r c i s e  d i f f e r e n t l y  
t h a n  w h i t e s .  M o r e o v e r ,  a r e  t h e r e  d i f f e r e n c e s  i n  p e r c e p t i o n  o f  s h o r t  
e x p l o s i v e  e f f o r t  b e t w e e n  b l a c k  and w h i t e  s u b j e c t s .
HYPOTHESES
The h y p o t h e s e s  t e s t e d  i n  t h i s  s t u d y  i n c l u d e d :
1,  A s i g n i f i c a n t  d i f f e r e n c e  w i l l  be  fo u n d  b e tw e e n  p e r c e i v e d  
e x e r t i o n  o f  b l a c k  s u b j e c t s  and  w h i t e  s u b j e c t s  when p e r f o r m i n g  work  
l o a d s  u n d e r  c o n d i t i o n s  o f  e n d u r a n c e .  B l a c k  s u b j e c t s  w i l l  have  
s i g n i f i c a n t l y  l o w e r  r a t i n g s  o f  p e r c e i v e d  e x e r t i o n .
5 .  The s t u d y  was l i m i t e d  t o  a  submaximal  t e s t  f o r  t h e  
p r e d i c t i o n  o f  a e r o b i c  c a p a c i t y . '  A b i c y c l e  e r g o m e t e r  was e m p loye d  i n  
t h e  t e s t  so  t h a t  t h e  s c o r i n g  c o u l d  b e  done  e a s i l y  and  o b j e c t i v e l y .
6 .  The method o f  m e a s u r i n g  a n a e r o b i c  c a p a c i t y  was t h e
13M a r g a r i a  -  Kalamen Power T e s t .
LIMITATIONS OF THE STUDY
T h i s  s t u d y  was c o n d u c t e d  w i t h i n  t h e  f o l l o w i n g  l i m i t a t i o n s .
1. P a r t i c i p a n t s  i n  t h e  s t u d y  w e re  a s k e d  n o t  t o  e n g a g e  i n  
s t r e n u o u s  p h y s i c a l  a c t i v i t y ,  e a t ,  smoke,  o r  d r i n k  a l c o h o l i c  b e v e r a g e s  
f o r  a t  l e a s t  two h o u r s  p r i o r  t o  t e s t i n g .  However ,  t h e r e  w e re  no means 
o f  c h e c k i n g  t o  i n s u r e  t h a t  s u b j e c t s  f o l l o w e d  i n s t r u c t i o n s .
2.  No a t t e m p t  was made t o  c o n t r o l  m o t i v a t i o n  f a c t o r  
d i f f e r e n c e s  among s u b j e c t s  w h i c h  may h a v e  a f f e c t e d  t h e i r  p e r f o r m a n c e .
3.  A b i c y c l e  e x e r c i s e  may n o t  be c o m p a r a b l e  t o  p e r f o r m a n c e  
i n v o l v i n g  e x p l o s i v e  movement  o f  l o w e r  body  p a r t s .
DEFINITION OF TERMS
A e r o b i c  C a p a c i t y  (Max VO?)
T h i s  t e r m  r e p r e s e n t s  t h e  h i g h e s t  a c h i e v a b l e  l e v e l  o f  e x e r c i s e  
i n t e n s i t y  d e t e r m i n e d  b y  maximal  am oun ts  o f  oxygen  t h a t  c a n  b e  t r a n s ­
p o r t e d  f rom  t h e  l u n g s  and  u t i l i z e d  by  t h e  w o r k i n g  m u s c l e s .
■^Donald K. Mathews, M e asu re m e n ts  i n  P h y s i c a l  E d u c a t i o n  ( 4 t h  
e d . ,  P h i l a d e l p h i a :  W. B. S a u n d e r s  Company, 1973)  pp .  1 4 9 -1 5 0 .
A n a e r o b i c  C a p a c i t y  ( E x p l o s i v e  S t r e n g t h )
T h i s  t e r m  r e f e r r e d  t o  max imal  work p e r  u n i t  o f  t im e  o f  maximal
a c t i v i t y .  I t  was a l s o  u s e d  t o  d e s c r i b e  a s u b j e c t ' s  a b i l i t y  t o
14r e l e a s e  maximal  f o r c e  i n  t h e  f a s t e s t  p o s s i b l e  t i m e .
R a t i n g s  o f  P e r c e i v e d  E x e r t i o n  (RPE)
T h i s  r a t i n g  was d e f i n e d  a s  m an’ s a s s e s s m e n t  o f  e x e r t i o n a l  
c o s t  o f  t h e  work  h e  i s  p e r f o r m i n g .
14B a r r y  L.  J o h n s o n  and J a c k  K. N e l s o n ,  P r a c t i c a l  M e asu re m e n ts  
f o r  E v a l u a t i o n  i n  P h y s i c a l  E d u c a t i o n  ( M i n n e a p o l i s :  B u r g e s s ,  1 9 6 9 ) ,
p .  80 .
C h a p t e r  2
REVIEW OF LITERATURE
The l i t e r a t u r e  r e v i e w e d  was c l a s s i f i e d  i n t o  t h e  f o l l o w i n g  
c a t e g o r i e s :  (1 )  s t u d i e s  r e l a t e d  t o  p e r c e i v e d  e x e r t i o n ;  (2 )  l i t e r a t u r e
r e l a t e d  to  m e a s u r e m e n t  o f  a e r o b i c  and  a n a e r o b i c  c a p a c i t y ;  and  (3)  
g e n e r a l  l i t e r a t u r e  r e l a t e d  t o  m e a s u re m e n t  o f  p e r f o r m a n c e  d i f f e r e n c e s  
i n  b l a c k  and  w h i t e  s u b j e c t s .
STUDIES RELATED TO PERCEIVED EXERTION
Borg,'*' r e g a r d e d  a s  t h e  o r i g i n a t o r  o f  t h e  c o n c e p t  o f  p e r c e i v e d  
e x e r t i o n ,  t r a c e d  i t s  h i s t o r i c  g r o w t h  and  d e v e l o p m e n t .  The r e s u l t s  o f  
two e x p e r i m e n t s  c o m p a r in g  f o u r  d i f f e r e n t  s u b j e c t i v e  r a t i n g  m ethods  
w e r e  r e p o r t e d .  V a r i o u s  s c a l e s  d e a l i n g  w i t h  s u b j e c t ' s  r a t i n g s  o f  
p e r c e i v e d  e x e r t i o n  (RPE) w e re  i n v e s t i g a t e d .  B o rg  s o u g h t  t o  d e v i s e  a 
s c a l e  t h a t  was s i m p l e  and  c o u l d  be  u s e d  by n e a r l y  e v e r y o n e .  Borg 
recommended t h a t  t h e  s c a l e  ( 6 - 2 0 )  i n  w h i c h  t h e  v a l u e s  grow l i n e a r  w i t h  
work  l o a d  and  h e a r t  r a t e  be u t i l i z e d  w h e r e  p o s s i b l e  i n  c o n d u c t i n g  
s t u d i e s  d e a l i n g  w i t h  p e r c e i v e d  e x e r t i o n .
Gunner  A. V. B o r g ,  " P e r c e i v e d  E x e r t i o n :  A Note  on ' H i s t o r y '
an d  M e t h o d s , "  M e d ic in e  and  S c i e n c e  i n  S p o r t s . 5 : 2  (Summer, 19 7 3 ) ,  
pp .  9 0 - 9 2 .
^James  S. S k i n n e r  and  o t h e r s ,  "The V a l i d i t y  and  R e l i a b i l i t y  
o f  a  R a t i n g  S c a l e  o f  P e r c e i v e d  E x e r t i o n , "  M e d ic i n e  and  S c i e n c e  i n  
S p o r t s , 5 : 2  (Summer, 1 9 7 3 ) ,  pp .  9 4 - 9 6 .
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2
S k i n n e r  and  o t h e r s  i n v e s t i g a t e d  t h e  v a l i d i t y  and  r e l i a b i l i t y  
o f  t h e  Borg S c a l e .  E i g h t  l e a n  and  e i g h t  o b e s e  m a l e s  w e r e  t e s t e d  on a 
Monark b i c y c l e  e r g o m e t e r .  D a t a  on h e a r t  r a t e ,  r e s p i r a t o r y  f r e q u e n c y ,  
v e n t i l a t i o n  and  oxyge n  c o n s u m p t i o n  w e r e  c o l l e c t e d  f o r  e a c h  s u b j e c t .  
Unde r  one  c o n d i t i o n  s u b j e c t s  p e r f o r m e d  a t  a p r o g r e s s i v e l y  i n c r e a s i n g  
work  l o a d  t o  a  s e l f - i m p o s e d  maximum. The s u b j e c t s  t h e n  p e r f o r m e d  a t  
t h e  work  l o a d s  w h ic h  w e r e  r a n d o m l y  a s s i g n e d .  R e l i a b i l i t y  was o b t a i n e d  
b y  t e s t i n g  e a c h  s u b j e c t  t w i c e  on e a c h  o f  t h e  two t e s t s .  T h e r e  w e r e  
no s i g n i f i c a n t  d i f f e r e n c e s  r e s u l t i n g  i n  an y  o f  t h e  p h y s i o l o g i c a l  and 
p e r c e p t u a l  v a r i a b l e s  b e t w e e n  t h e  two t y p e s  o f  t e s t s .  H igh  r e l i a b i l i t y  
c o e f f i c i e n t s  w e r e  r e p o r t e d  f o r  b o t h  p r o c e d u r e s  employed  i n  t h e  s t u d y .  
The a u t h o r s  r e p o r t e d  t h a t  t h e  p r o g r e s s i v e  t e s t  seemed  t o  b e  o f  
s u f f i c i e n t l y  h i g h  r e l i a b i l i t y  and  v a l i d i t y  and  o f f e r e d  a n  a d v a n t a g e  
o f  r e q u i r i n g  l e s s  t i m e .  Thus t h e  p r o g r e s s i v e  t e s t  was recommended 
f o r  f u t u r e  u s e .
3
B org  and  L i n d e r h o l m  s t u d i e d  s u b j e c t ' s  p e r c e p t i o n  o f  e x e r t i o n  
d u r i n g  e x e r c i s e  a s  u s e d  t o  i n d i c a t e  r e l a t i v e  work  i n t e n s i t y .  The 
s t u d y  was b a s e d  on t h e  f a r i l y  l i n e a r  r e l a t i o n s h i p  b e t w e e n  p u l s e  r a t e  
and  work l o a d  and  t h e  r a t h e r  u n i f o r m  r a n g e  o f  p u l s e  r a t e s  b e tw e e n
i n d i v i d u a l s .  A r e l a t i o n s h i p  b e tw e e n  p u l s e  r a t e  and  t h e  d e g r e e  o f
p e r c e i v e d  e x e r t i o n  h a s  b e e n  g e n e r a l l y  a c c e p t e d .  Work l o a d s  r e s u l t i n g  
i n  p u l s e  r a t e s  o f  n e a r  175 bpm, c l o s e  t o  t h e  maximal  p u l s e  r a t e ,  has
o
“’Gunner  A. V. B o rg  and  H. L i n d e r h o l m ,  " P e r c e i v e d  E x e r t i o n  and 
P u l s e  R a te  D u r i n g  Graded  E x e r c i s e  i n  V a r i o u s  Age G r o u p s , "  A c t a  Medica
S c a n d i n a v i c a , 472 (March ,  1 9 6 7 ) ,  pp .  1 9 4 -206 .
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b e e n  r e g a r d e d  a s  v e r y  h e a v y  w o r k .  A work  l o a d  t h a t  r e s u l t s  i n  a 
p u l s e  r a t e  o f  75 bpm t o  100 bpm i s  c o n s i d e r e d  l i g h t  e x e r c i s e .
R e s u l t s  o f  t h e  s t u d y  showed t h a t  e x e r c i s e  a t  a g i v e n  r a t e  was 
p e r c e i v e d  t o  b e  h e a v i e r  by  o l d e r  s u b j e c t s  t h a n  by y o u n g e r  o n e s .  The 
r e l a t i o n s h i p  b e t w e e n  t h e  p h y s i c a l  w o r k i n g  c a p a c i t y  r e f l e c t e d  by  p u l s e  
r a t e  and  t h a t  e s t i m a t e d  from t h e  s u b j e c t i v e  r a t i n g  o f  e x e r t i o n  was 
c o n s e q u e n t l y  found  t o  c h a n g e  w i t h  a g e .
M i c h a e l  and H a c k e t t ^  r e p o r t e d  a s t u d y  i n  w h i c h  t e n  f e m a l e s  
w e r e  a s k e d  t o  r u n  on a  t r e a d m i l l  a t  a  s p e e d  s e l e c t e d  t o  t i r e  them i n  
f i f t e e n  m i n u t e s .  S u b j e c t s  w e r e  l a t e r  a s k e d  t o  t r y  t o  r e p e a t  t h e  same 
work e f f o r t  on a b i c y c l e  e r g o m e t e r .  The p u r p o s e  o f  t h e  s t u d y  was t o  
d e t e r m i n e  w h a t  c u e s  t h e  s u b j e c t s  u s e d  to  e s t i m a t e  an i n t e n s i t y  o f  
e x e r c i s e  l a s t i n g  f i f t e e n  m i n u t e s .  By h a v i n g  t h e  s u b j e c t s  r u n  f o r  
f i f t e e n  m i n u t e s  a t  t h e i r  own s e l e c t e d  i n t e n s i t y ,  s u b j e c t s  c o u l d  t h e n  
t r y  t o  r e p e a t  t h e  same e x e r c i s e  on a b i c y c l e  e r g o m e t e r .  The e x e r c i s e  
was d e s i g n e d  t o  d e t e r m i n e  i f  s u b j e c t s  c o u l d  s e l e c t  a s i m i l a r  work 
e f f o r t ,  a n d ,  i f  s o ,  w h a t  gave  them, t h e  c u e s  f o r  t h e  s e l e c t i o n .
R e s u l t s  o f  t h e  s t u d y  showed t h a t  a l l  m e a s u r e m e n t s  w e r e  l o w e r  on t h e  
b i c y c l e  e r g o m e t e r  t h a n  t h e  t r e a d m i l l .  The c o n c l u s i o n  was t h a t  
p h y s i o l o g i c a l  s t r a i n  was n o t  r e l a t e d  t o  oxygen  d e b t ,  s i n c e  t h e  t r e a d ­
m i l l  d e b t  was d o u b l e  t h a t  o f  t h e  b i c y c l e  e x e r c i s e .
E r n e s t  M i c h a e l  and  Penny H a c k e t t ,  " P h y s i o l o g i c a l  V a r i a b l e s  
R e l a t e d  t o  t h e  S e l e c t i o n  o f  Work E f f o r t  on a T r e a d m i l l  and B i c y c l e , "  
R e s e a r c h  Q u a r t e r l y . 4 3 : 2  (May, 1 9 7 2 ) ,  pp .  2 1 6 - 2 2 5 .
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M ic h a e l  and o t h e r s ' *  i n  a  s i m i l a r  s t u d y  r e p o r t e d  t h a t  c u e s  
u s e d  by  s u b j e c t s  i n  p e r c e i v e d  e x e r t i o n  a p p e a r e d  t o  b e  some i n t e r n a l  
mechan ism r e l a t e d  t o  m u s c u l a r  s t r e s s  o r  a n a e r o b i c  m e t a b o l i s m .  The 
a u t h o r s  a t t e m p t e d  t o  d e t e r m i n e  i f  a n y  i n t e r n a l  m echan ism  m ig h t  a c t  t o  
i n f o r m  s u b j e c t s  o f  c a p a c i t y  to  e x e r c i s e .  R e g a r d l e s s  o f  s e x  o r  t y p e  
o f  e x e r c i s e ,  t h e  m os t  c o n s i s t e n t  c u e  was a h e a r t  r a t e  l e v e l  o f  
b e t w e e n  165 bpm and  180 bpm. R e s u l t s  o f  a s k i n g  s u b j e c t s  to  s e l e c t  
work  l e v e l s  on  a t r e a d m i l l  r u n  w h i c h  w e r e  c o n s i d e r e d  h e a v y ,  and t h e n  
a s k i n g  s u b j e c t s  t o  r e p e a t  t h e  same work  l o a d  u s i n g  an  u n f a m i l i a r  
b i c y c l e  e r g o m e t e r ,  r e s u l t e d  i n  some s u g g e s t e d  p h y s i o l o g i c a l  c u e s  t o  
p e r c e p t u a l  work  e x e r t i o n .  The s t r e s s  o f  e f f o r t  a s  r e f l e c t e d  by t h e  
h e a r t  r a t e  l e v e l  m i s i n f o r m e d  t h e  s u b j e c t s  a s  t o  l o a d  s e l e c t i o n .
I n  o r d e r  t o  d e t e r m i n e  s e l e c t e d  p s y c h o l o g i c a l  f a c t o r s  
i n f l u e n c i n g  p e r c e i v e d  e x e r t i o n ,  Morgan^ e m p loye d  a  m o d i f i e d  Borg 
S c a l e .  E x p e r i m e n t s  w e r e  c o n d u c t e d  i n v o l v i n g  t h e  i n t e r a c t i o n  of  
p e r c e i v e d  e x e r t i o n ,  s e l e c t e d  p s y c h o l o g i c a l  s t a t e s  and t r a i t s ,  and  
m e t a b o l i c  r e s p o n s i v i t y  t o  b i c y c l e  e r g o m e t r y .  Morgan s t a t e s  t h a t  
" l i k e  p a i n  i t  i s  a s u b j e c t i v e ,  q u i t e  p e r s o n a l ,  and  e x t r e m e l y  complex  
s e n s a t i o n . "  In  a d d i t i o n  t h e  a u t h o r  r e p o r t e d  t h a t  p e r c e i v e d  e x e r t i o n
^ E r n e s t  M ic h a e l  and  o t h e r s ,  " S e l e c t i o n  o f  a F i f t e e n  Minu te  
Work Load on a  T r e a d m i l l  and  B i c y c l e , "  R e s e a r c h  Q u a r t e r l y . 4 3 : 4  
(December,  1 9 7 2 ) ,  pp .  4 5 1 - 4 5 9 .
^ W i l l i a m  P .  Morgan,  " P s y c h o l o g i c a l  F a c t o r s  I n f l u e n c i n g  
P e r c e i v e d  E x e r t i o n , "  M e d ic i n e  and S c i e n c e  i n  S p o r t s , 5 : 2  (Summer, 
1 9 7 3 ) ,  pp .  9 7 - 1 0 3 .
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was a p p a r e n t l y  n o t  i n f l u e n c e d  by  s u c h  f a c t o r s  a s  max imal  a e r o b i c  
p ow er ,  a c t i v i t y  h i s t o r y ,  body c o m p o s i t i o n ,  and  t r a i n i n g .  As a r e s u l t  
t h e r e  was a s u g g e s t e d  d e p e n d e n c e  upon  f a c t o r s  o f  a  p s y c h o m e t r i c  
n a t u r e .  The f i n d i n g s  o f  M o r g a n ' s  s t u d y  w e r e :
1.  Normal  s u b j e c t s  w e r e  c a p a b l e  o f  c o n s i s t e n t l y  i d e n t i f y i n g  
d i f f e r e n c e s  i n  work l o a d  by  means o f  B o r g ' s  p s y c h o p h y s i c a l  
c a t e g o r y  s c a l e .
2 .  S u b j e c t i v e  e s t i m a t e s  m i r r o r e d  t h e  a c t u a l  m e t a b o l i c  c o s t  
o f  work b e i n g  p e r f o r m e d .
3.  N e u r o t i c ,  a n x i o u s  o r  d e p r e s s e d  s u b j e c t s  a p p e a r e d  t o  h a v e  
d i f f i c u l t y  i n  t h e i r  p e r c e p t u a l  p r o c e s s i n g  o f  work  i n t e n s i t y .
4 .  E x t r o v e r t s  t e n d  t o  u n d e r r a t e  i n t e n s i t y  a t  h e a v i e r  l o a d s ,  
and t h e i r  s t a t e d  w ork  p r e f e r e n c e  was h i g h e r  f o r  p r o l o n g e d  work  
t h a n  i t  was f o r  i n t r o v e r t e d  s u b j e c t s .
5 .  V a r i o u s  p s y c h o l o g i c a l  s t a t e s  and  t r a i t s  seemed t o  p l a y  
a r o l e  i n  t h e  p e r c e p t u a l  p r o c e s s i n g  o f  i n f o r m a t i o n  r e l a t i n g  to  
m u s c u l a r  w ork .
6 .  Bo th  m e t a b o l i c  and  p e r c e p t u a l  r e s p o n s i v i t y  o f  e x e r c i s i n g  
s u b j e c t s  h a s  b e e n  m a n i p u l a t e d  b y  means o f  h y p n o t i c  s u g g e s t i o n .
Morgan c o n c l u d e d  t h a t  a p s y c h o b i o l o g i c  a p p r o a c h  t o  p e r c e i v e d  
e x e r t i o n  was t h e  most  e f f e c t i v e .
Noble and  o t h e r s ^  u n d e r t o o k  t o  i n v e s t i g a t e  some o f  t h e  
p h y s i o l o g i c a l  p a r a m e t e r s ,  t a k e n  i n d i v i d u a l l y  and  c o l l e c t i v e l y ,  w h ic h  
a c c o u n t  f o r  t h e  g r e a t e s t  v a r i a b i l i t y  i n  p e r c e i v e d  e x e r t i o n .  S i x  m a le  
s t u d e n t s  b e tw e e n  t h e  a g e s  o f  e i g h t e e n  and  t w e n t y - t w o  y e a r s ,  i n  t h e  
" h i g h "  f i t n e s s  c l a s s i f i c a t i o n ,  w e r e  s u b j e c t s  f o r  t h e  s t u d y .  I t  was 
r e p o r t e d  t h a t  w h i l e  t h e r e  was a n  a c k n o w l e d g e d  l i n e a r  r e l a t i o n s h i p
B ru c e  J .  Noble  and  o t h e r s ,  " P e r c e p t u a l  R e s p o n s e s  t o  E x e r c i s e  
A M u l t i p l e  R e g r e s s i o n  S t u d y , "  M e d ic i n e  and  S c i e n c e  i n  S p o r t s , 5 : 2  
(Summer, 1 9 7 3 ) ,  pp.  104t 109.
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b e t w e e n  h e a r t  r a t e  and  r a t i n g  o f  p e r c e i v e d  e x e r t i o n  d u r i n g  submax imal  
e x e r c i s e ,  r a t i n g s  o f  p e r c e i v e d  e x e r t i o n  d i d  n o t  f o l l o w  h e a r t  r a t e  
u n d e r  t h e  i n f l u e n c e  o f  h e a t ,  d r u g s ,  and h y p n o t i c  s u g g e s t i o n .  S u b j e c t s  
w e re  a s k e d  t o  p e d a l  a  b i c y c l e  e r g o m e t e r  f o r  t h i r t y  m i n u t e s  u n d e r  two 
e x p e r i m e n t a l  c o n d i t i o n s  and  d u r i n g  f i v e  t r i a l s .  The f i n d i n g s  w e r e :
1.  V e n t i l a t i o n  a c c o u n t e d  f o r  t h e  g r e a t e s t  v a r i a n c e  i n  
p e r c e i v e d  e x e r t i o n  a t  f i v e  and  f i f t e e n  m i n u t e s  and r e s p i r a t o r y  
r a t e  made t h e  g r e a t e s t  c o n t r i b u t i o n  a t  t h i r t y  m i n u t e s  i n  b o t h  
c o n d i t i o n s .
2 .  R e c t a l  and  s k i n  t e m p e r a t u r e  a p p e a r  s o o n e r  and a c c o u n t  
f o r  more v a r i a n c e  i n  RPE i n  t h e  h e a t  t h a n  i n  t h e  n e u t r a l  
e n v i r o n m e n t .
The r e s e a r c h e r s  c o n c l u d e d  t h a t  man d o e s  n o t  d i r e c t l y  a t t e n t  
t o  p h y s i o l o g i c a l  p r o c e s s e s  a s  a b a s i s  f o r  p e r c e i v e d  e x e r t i o n ,  b u t  
d o e s  a t t e n d  to  t h e  e x t e r n a l i z a t i o n  o f  t h o s e  p r o c e s s e s  w h i c h  c a n  be 
d i r e c t l y  p e r c e i v e d .
I n  a r e l a t e d  s t u d y ,  S k i n n e r  and  o t h e r s ^  com pared  l e a n  and  
o b e s e  p e r s o n s  p e r c e i v e d  e x e r t i o n  when t h e i r  body  w e i g h t  was s u p p o r t e d  
( c y c l i n g )  o r  t r a n s p o r t e d  ( w a l k i n g ) .  The s t u d y  a l s o  i n v e s t i g a t e d  t h e  
e f f e c t  e x c e s s  w e i g h t  ha d  on p e r c e p t i o n  o f  e x a r t i o n  when body  w e i g h t  
m u s t  be  t r a n s p o r t e d .  The e f f e c t  t h a t  e l e v a t i o n  i n  h e a r t  r a t e  due  t o  
a  warm e n v i r o n m e n t  on  t h e  p e r c e p t i o n  o f  work  was a l s o  s t u d i e d .  The 
f i n d i n g s  w e r e :
. . . no s i g n i f i c a n t  d i f f e r e n c e  i n  RPE v e r s u s  oxyge n  i n t a k e  
w e r e  o b s e r v e d  on t h e  t r e a d m i l l .  Le a n  s u b j e c t s  r e p o r t e d  h i g h e r
^James  S.  S k i n n e r  and o t h e r ,  " P e r c e p t i o n  o f  E f f o r t  D u r i n g  
D i f f e r e n t  Types o f  E x e r c i s e  and  Under  D i f f e r e n t  E n v i r o n m e n t a l  
C o n d i t i o n s , "  M e d ic i n e  and S c i e n c e  i n  S p o r t s .  5 : 2  (Summer, 1 9 7 3 ) ,  
p p . . 1 1 0 -115 .
15
RPE's  on t h e  b i c y c l e  e r g o m e t e r  t h a n  d i d  o b e s e  s u b j e c t s .  A l l  
s u b j e c t s  r a t e d  t h e  b i c y c l e  t o  be  h a r d e r  t h a n  t h e  t r e a d m i l l  a t  
t h e  same oxyge n  i n t a k e .  E x c e s s  w e i g h t  d i d  n o t  a f f e c t  RPE 
v e r s u s  oxyge n  i n t a k e  i n  l e a n  s u b j e c t s .  Obese  s u b j e c t s  w e r e  n o t  
a f f e c t e d  by  t h e  32 d e g r e e  c e n t i g r a d e  e n v i r o n m e n t ,  w h i l e  l e a n  
s t u d e n t s  r a t e d  h i g h e r  a t  t h e  same o xyge n  i n t a k e .  RPE v e r s u s  
h e a r t  r a t e  was u n c h a n g e d  u n d e r  a l l  c o n d i t i o n s .  A l t h o u g h  t h e r e  
w e r e  d i f f e r e n c e s  b e tw e e n  l e a n  and  o b e s e  s u b j e c t s  when RPE was 
r e l a t e d  t o  a b s o l u t e  v a l u e s  o f  v e n t i l a t i o n  and  oxygen  i n t a k e ,  
r e l a t i v e  t o  maximal  h e a r t  r a t e  was s i m i l a r ,  t h e r e  was no 
d i f f e r e n c e  i n  RPE v e r s u s  h e a r t  r a t e  on a n  a b s o l u t e  b a s i s .
I t  was c o n c l u d e d  t h a t  RPE a p p e a r e d  t o  b e  most  c l o s e l y  
r e l a t e d  t o  t h e  p r o p o r t i o n  o f  max imal  c a p a c i t y  r e q u i r e d  f o r  a g i v e n  
work l o a d .
N oble  and  o t h e r s ^  r e s e a r c h e d  t h e  h y p o t h e s i s  t h a t  p e r c e p t i o n  
o f  e x e r t i o n  w h i l e  r u n n i n g  wou ld  b e  g r e a t e r  t h a n  f o r  w a l k i n g  a t  
v e l o c i t i e s  l o w e r  t h a n  a p p r o x i m a t e l y  f o u r  m i l e s  p e r  h o u r .  J u s t  t h e  
o p p o s i t e  was h y p o t h e s i z e d  a t  v e l o c i t i e s  g r e a t e r  t h a n  f o u r  m i l e s  p e r  
h o u r .  H e a r t  r a t e s  w h i l e  w a l k i n g  w e r e  found  t o  b e  l e s s  t h a n  f o r  
r u n n i n g  a t  v e l o c i t i e s  l e s s  t h a n  f o u r  m i l e s  p e r  h o u r .  I t  was 
c o n c l u d e d  t h a t  a l t h o u g h  p e r c e i v e d  e x e r t i o n  g e n e r a l l y  f o l l o w e d  h e a r t  
r a t e  r e s p o n s e s ,  l o c a l  m u s c u l a r  d i s c o m f o r t  a t  h i g h e r  w a l k i n g  
v e l o c i t i e s  a p p e a r e d  t o  b e  r e s p o n s i b l e  f o r  e a r l i e r  p e r c e p t i o n  
i n t e r s e c t i o n .
W ork ing  u n d e r  t h e  e s t a b l i s h e d  premi-se t h a t  man w orks  t o  a 
p e r c e i v e d  e x e r t i o n  l e v e l  when p e r f o r m i n g  a  g i v e n  work  l o a d ,  S o u l e  and
9
B ru c e  J .  Nob le  and  o t h e r s ,  " P e r c e i v e d  E x e r t i o n  D u r i n g  
W a lk i n g  and  R unn ing  -  -  I I , "  M e d i c i n e  and  S c i e n c e  i n  S p o r t s , 5 : 2  
(Summer, 1 9 7 3 ) ,  pp .  1 1 6 -1 2 0 .
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G o l d m a n ^  u n d e r t o o k  t o  d e t e r m i n e  w h e t h e r  c o n t i n u o u s  work  w i t h o u t  
s l e e p  w ou ld  r e s u l t  i n  a n  i n c r e a s e  i n  t h e  p e r c e p t i o n  o f  t h e  d i f f i c u l t y  
o f  t h e  w o r k .  Among t h e  f i n d i n g s  w e r e  t h a t  a n  e x t e n d e d  t h i r t y - o n e  
h o u r  o p e r a t i o n  w i t h o u t  s l e e p  was n o t  s u f f i c i e n t  t o  s i g n i f i c a n t l y  
c h a n g e  t h e  v o l u n t a r y  s e l e c t e d  " h a r d  w ork"  r a t e ,  and  t h e  " s u b j e c t i v e  
e v a l u a t i o n  o f  p e r c e i v e d  e x e r t i o n  l e v e l  c a n  i n c r e a s e  d e s p i t e  c o n s t a n t  
work and  p h y s i o l o g i c a l  r e s p o n s e s . "
P a n d o l f  and N o b l e ^  s t a t e d  t h e  e f f e c t  o f  p e d a l i n g  s p e e d  and  
r e s i s t a n c e  c h a n g e s  on p e r c e i v e d  e x e r t i o n  f o r  e q u i v a l e n t  power o u t p u t s  
on t h e  b i c y c l e  e r g o m e t e r .  P e d a l i n g  s p e e d s  w e r e  4 0 ,  6 0 ,  and  80 
r e v o l u t i o n s  p e r  m i n u t e  ( rpm) w h i l e  t h e  power o u t p u t s  w e r e  5 5 0 ,  775, 
and  1075 k i l o g r a m s  p e r  m i n u t e  (k g m /m in ) .  RPE r e s p o n s e s  a t  e q u i v a l e n t  
power o u t p u t s  w e r e  g e n e r a l l y  n e g a t i v e l y  r e l a t e d  t o  p e d a l i n g  s p e e d .  
S e n s a t i o n s  p a r t i c u l a r  t o  w o r k i n g  m u s c l e s ,  j o i n t s  a n d / o r  t e n d o n s ,  
m u s c u l a r  f o r c e ,  and  m u s c u l a r  j o i n t  d i s c o m f o r t ,  were  s u g g e s t e d  a s  
i m p o r t a n t  f a c t o r s  i n  t h e  RPE d i f f e r e n c e s  o b s e r v e d  a t  v a r i o u s  p e d a l i n g  
s p e e d s .  A l t h o u g h  i n t e r p l a y  o f  a numbei. o f  f a c t o r s  seemed t o  be  
i m p o r t a n t  i n  s u b j e c t s ’ s e l e c t i o n  o f  RPE, t h e  l o c a l  f a c t o r  a p p e a r e d  t o  
be  t h e  m os t  i m p o r t a n t .
^ R o g e r  G. S o u l e  an d  R. F. Goldman,  " P a c i n g  o f  I n t e r m i t t e n t  
Work D u r i n g  31 H o u r s , "  M e d ic i n e  and  S c i e n c e  i n  S p o r t s , 5 : 2  (Summer, 
1 9 7 3 ) ,  pp .  128-131 .
'*''*'Kent B. P a n d o l f  and  B ruce  J .  N o b l e ,  "The E f f e c t  o f  P e d d l i n g  
Speed and R e s i s t a n c e  Changes  on P e r c e i v e d  E x e r t i o n  f o r  E q u i v a l e n t  
Power O u t p u t s  on t h e  B i c y c l e  E r g o m e t e r , "  M e d ic in e  and  S c i e n c e  i n  
S p o r t s , 5 : 2  (Summer, 1 9 7 3 ) ,  pp .  1 3 2 -136 .
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The l o c a l  f a c t o r  w h i c h  i s  a s s o c i a t e d  w i t h  f e e l i n g s  o f  s t r a i n  
i n  t h e  w o r k i n g  m u s c l e s  and j o i n t s  p r o b a b l y  i n v o l v e s  a number o f  
c o m p o n e n t s .  S o m a t i c  s e n s a t i o n s  f ro m  t h e  j o i n t  c a p s u l e s  and 
l i g a m e n t s  would  seem t o  b e  i n v o l v e d .  P r o p r i o c e p t i v e  m u s c l e  and  
t e n d o n  s e n s a t i o n s '  a r e  c o n c e r n e d  w i t h  c o n t r a c t i l e  l e n g t h s  o f  
m u s c l e  and  t h e  amount  o f  t e n s i o n  on t h e  m u s c l e s  and  t e n d o n s .
I t  was s p e c u l a t e d  t h a t  s i n c e  much o f  t h e  p h y s i c a l  work
c a p a c i t y  t e s t i n g  f o r  RPE was done  on b i c y c l e  e r g o m e t e r s  and  l i m i t e d
t o  a  d e g r e e  by l o c a l  m u s c u l a r  s t r e n g t h  and  p s y c h o l o g i c a l  a t t i t u d e s ,
p e r h a p s  t e s t i n g  s h o u l d  be  c o n d u c t e d  a t  power  o u t p u t s  b e t w e e n  60 and
80 rpm r a t h e r  t h a n  50 to  60 rpm. A u t h o r s  s u g g e s t e d  t h a t  h i g h e r
p e d a l i n g  s p e e d s  w ou ld  e n a b l e  s u b j e c t s  t o  b e t t e r  e v a l u a t e  i n d i v i d u a l
c a r d i o - r e s p i r a t o r y  f i t n e s s  a s  a  l i m i t i n g  f a c t o r  t o  p e r f o r m a n c e  r a t h e r
t h a n  l o c a l i z e d  m u s c u l a r  s t r e n g t h .  The s t u d y  i n d i c a t e d  t h e  u s e  o f
s u b j e c t i v e  p e r c e p t i o n s  o f  e x e r t i o n  a s  an  a d d i t i o n a l  t o o l  i n  work
c a p a c i t y  t e s t i n g  and  e v a l u a t i o n ,
12P a t t o n  and o t h e r s  com pared  t h e  r a t i n g s  o f  p e r c e i v e d  
e x e r t i o n  (RPE) and  h e a r t  r a t e  (HR) b e t w e e n  a c t i v e  and l e s s  a c t i v e  
s u b j e c t s .  Oxygen u p t a k e  and v e n t i l a t i o n  w e r e  m e a s u r e d  f o r  b o t h  g r o u p s .  
The a c t i v e  g r o u p  was fo u n d  t o  h a v e  a  s i g n i f i c a n t l y  l o w e r  h e a r t  r a t e .  
H e a r t  r a t e s  i n c r e a s e d  l i n e a r l y  w i t h  t im e  f o r  b o t h  g r o u p s .  RPE a l s o  
i n c r e a s e d  l i n e a r l y  b u t  t h e  d i f f e r e n c e  b e tw e e n  g r o u p s  was n o t  
s i g n i f i c a n t .  The i n v e s t i g a t o r s  c o n c l u d e d  t h a t  p e r c e p t i o n  o f  i n t e n s i t y  
o f  a n  a b s o l u t e  w o r k l o a d  was n o t  r e f l e c t e d  by  d i f f e r e n c e s  i n  f i t n e s s  
due t o  t r a i n i n g  a s  d e m o n s t r a t e d  by oxygen  u p t a k e  and  submax imal  h e a r t  
r a t e .
J .  F. P a t t o n  and o t h e r s ,  " P e r c e i v e d  E x e r t i o n  o f  A b s o l u t e  
Work i n  A c t i v e  a nd  L e s s  A c t i v e  S u b j e c t s , "  M e d ic in e  and  S c i e n c e  i n  
S p o r t s , 7 : 1  ( S p r i n g ,  1 9 7 5 ) ,  p .  81.
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H o r t sm a n  and  o t h e r s  i n v e s t i g a t e d  t h e  r a t i n g  o f  p e r c e i v e d  
e x e r t i o n  (RPE),  h e a r t  r a t e ,  o xyge n  u p t a k e ,  and v e n t i l a t i o n  w h i l e  
w a l k i n g  an d  r u n n i n g  a t  t h e  same r e l a t i v e  i n t e n s i t y .  T w e n t y - s i x  
s u b j e c t s  p e r f o r m e d  b o t h  t a s k s  t o  e x h a u s t i o n .  The t im e  t o  e x h a u s t i o n  
d i d  n o t  d i f f e r  b e t w e e n  g r o u p s  on e i t h e r  t a s k .  S i g n i f i c a n t  i n c r e a s e s  
i n  m i n u t e  v e n t i l a t i o n ,  h e a r t  r a t e ,  and  RPE w e re  o b s e r v e d  a s  work  
c o n t i n u e d  d u r i n g  w a l k i n g  and  r u n n i n g .  No d i f f e r e n c e s  w e r e  o b s e r v e d  
i n  h e a r t  r a t e  w h i l e  RPE was i d e n t i c a l  f o r  b o t h  c o n d i t i o n s .  S u b j e c t s  
w e re  a l s o  a s k e d  t o  r a t e  t h e i r  p e r c e p t i o n  o f  l e g  and r e s p i r a t o r y  
e x e r t i o n  a t  e x h a u s t i o n .  R e s p i r a t o r y  e x e r t i o n  was s i g n i f i c a n t l y  l e s s  
t h a n  l e g  e x e r t i o n .  I t  was c o n c l u d e d  f rom  t h e  s t u d y  t h a t  w a l k i n g  and 
r u n n i n g  a t  t h e  same r e l a t i v e  i n t e n s i t y  r e s u l t e d  i n  c o m p a r a b l e  
p h y s i o l o g i c a l  and  p e r c e p t u a l  r e s p o n s e s .
I n  a  s t u d y  s i m i l a r  t o  H o r s t m a n ' s  and  o t h e r s ,  C a f a r e l l i  and 
N o b l e ^  s t u d i e d  t h e  i m p o r t a n c e  o f  v e n t i l a t i o n  on r a t i n g s  o f  p e r c e i v e d  
e x e r t i o n  (RPE) d u r i n g  r u n n i n g  and c y c l i n g .  Ten f i t  s u b j e c t s  r a n  and 
c y c l e d  a t  v a r y i n g  s p e e d s  and  i n t e n s i t i e s  on a t r e a d m i l l  and b i c y c l e  
e r g o m e t e r .  H e a r t  r a t e ,  oxygen  u p t a k e ,  v e n t i l a t i o n ,  v e n t i l a t i o n  
f r e q u e n c y ,  and  RPE w e r e  m e a s u r e d  a t  t h e  end  o f  e a c h  w ork  b o u t .  H i g h e r  
RPE a c c o m p a n ie d  h i g h e r  v e n t i l a t i o n  b u t  t h e  d i f f e r e n c e s  w e r e  n o t  
s i g n i f i c a n t .  The i n v e s t i g a t o r s  found  h i g h e r  RPE f o r  c y c l i n g  t h a n
13D. 11. H ors tm an  and o t h e r s ,  " P e r c e p t i o n  o f  E x e r t i o n  D u r i n g  
E x e r c i s e  o f  D i f f e r e n t  M o d e s , "  M e d ic in e  and  S c i e n c e  i n  S p o r t s , 7 :1  
( S p r i n g ,  1 9 7 5 ) ,  p .  81 .
^ E .  C a f a r e l l i  and o t h e r s ,  "The E f f e c t  o f  I n s p i r e d  CO2  on 
P e r c e i v e d  E x e r t i o n , "  M e d ic i n e  and  S c i e n c e  i n  S p o r t s , 7 : 1  ( S p r i n g ,  
1 9 7 5 ) ,  p .  81 .
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r u n n i n g  a t  t h e  same oxygen  u p t a k e .  At  h i g h e r  work  i n t e n s i t i e s  t h e  
g r e a t e r  d i f f e r e n c e  i n  RPE b e tw e e n  c o n d i t i o n s  i n d i c a t e d  t h a t  v e n t i l a ­
t i o n  became more i m p o r t a n t  a t  t h e  u p p e r  l e v e l s  o f  a e r o b i c  power .
The a u t h o r s  c o n c l u d e d  t h a t  v e n t i l a t i o n  d i d  n o t  a p p e a r  i m p o r t a n t  i n
t h e  s e l e c t i o n  o f  RPE a t  t h e  low e x e r c i s e  i n t e n s i t i e s  w h e re  a l l  c u e s
p r o b a b l y  came f rom  w o r k i n g  m u s c l e s .
15
R o b e r t s o n  and  o t h e r s  u n d e r t o o k  a s t u d y  t o  d e t e r m i n e  i f  
a u g m e n t e r s  c o n s i s t e n t l y  a s s i g n e d  h i g h e r  r a t i n g s  o f  p e r c e i v e d  e x e r t i o n  
(RPE) t o  a g i v e n  l e v e l  o f  work  t h a n  do r e d u c e r s .  The a u t h o r s  
d e s c r i b e d  t h e  p e r c e p t u a l  c h a r a c t e r i s t i c s  o f  a u g m e n t in g  o r  r e d u c i n g  
s e n s o r y  i n p u t s  a s  t h e  p s y c h o l o g i c a l  f ram ew ork  w i t h i n  w h i c h  t h e  
i n t e n s i t y  o f  a s e n s a t i o n  i s  c o n s i s t e n t l y  e n l a r g e d  o r  d i m i n i s h e d .  
S u b j e c t s  f o r  t h e  s t u d y  w e r e  t w e l v e  m a le s  r a n g i n g  i n  a g e  f rom  e i g h t e e n  
to  t w e n t y - s i x  y e a r s ,  a l l  h a v i n g  s i m i l a r  max imal  a e r o b i c  c a p a c i t y .  
A u g m e n te r s  and  r e d u c e r s  w e r e  a s s e s s e d  by  m e a s u r i n g  t h e  k i n e s t h e t i c a l l y  
p e r c e i v e d  w i d t h  o f  a  one  and  one  h a l f  i n c h  b l o c k .  Those  s u b j e c t s  
t h a t  e s t i m a t e d  t h e  w i d t h  t o  b e  l a r g e r  w e r e  a u g m e n t e r s  w h i l e  s u b j e c t s  
e s t i m a t i n g  t h e  w i d t h  s m a l l e r  w e re  r e d u c e r s .  The b e tw e e n  g roup  
d i f f e r e n c e s  i n  a u g m e n t e r s  and  r e d u c e r s  w e r e  s i g n i f i c a n t  and RPE was 
found  t o  be  s i g n i f i c a n t l y  h i g h e r  i n  t h e  a u g m e n t e r  g r o u p  a t  450 and 
750 kpm. The s i m i l a r i t y  i n  p h y s i o l o g i c a l  r e s p o n s e s  b e t w e e n  a u g m e n t e r s  
and r e d u c e r s  l e s s e n e d  t h e  l i k e l i h o o d  o f  a p h y s i o l o g i c a l  c a u s e  o f  RPE
15R. R o b e r t s o n  and  o t h e r s ,  "The I n f l u e n c e  o f  S e n s o r y  
A u g m e n ta t io n  and  R e d u c t i o n  on  P e r c e i v e d  E x e r t i o n , "  M e d ic i n e  and 
S c i e n c e  i n  S p o r t s , 7 :1  ( S p r i n g ,  1 9 7 5 ) ,  p .  81 .
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d i f f e r e n c e s .  The c o n c l u s i o n  was t h a t  a u g m e n t e r s  and r e d u c e r s '  
s e n s o r y  c u e s  a p p e a r e d  t o  i n d e p e n d e n t l y  i n f l u e n c e  t h e  RPE a t  l o w e r  
w ork  l e v e l s  b u t  had  l e s s  e f f e c t  a t  n e a r  maximal  work l o a d  l e v e l s .
B e l l  and o t h e r s ^  i n v e s t i g a t e d  t h e  e f f e c t  o f  g l u c o s e  
i n g e s t i o n  on p e r c e p t u a l  r e s p o n s e s  d u r i n g  l o n g  t e r m  w ork  u s i n g  n i n e  
c r o s s - c o u n t r y  r u n n e r s  p e r f o r m i n g  on a t r e a d m i l l .  The s u b j e c t s  
a t t e m p t e d  two s e p a r a t e  t h r e e  h o u r  t r e a d m i l l  r u n s ,  one  u n d e r  g l u c o s e  
i n g e s t i o n  c o n d i t i o n s  a nd  t h e  o t h e r  u s i n g  a  p l a c e b o  s o l u t i o n .  R e s u l t s  
showed a l o w e r  o v e r a l l  RPE u n d e r  t h e  g l u c o s e  i n g e s t i o n  t r e a t m e n t .
The r e s e a r c h e r s  c o n c l u d e d  t h a t  g l u c o s e  i n g e s t i o n  p r i o r  t o  and d u r i n g  
p r o l o n g e d  work  a p p e a r e d  t o  s i g n i f i c a n t l y  d e c r e a s e  p s y c h o p h y s i o l o g i c a l  
s t r e s s .
SUMMARY OF STUDIES RELATED TO PERCEIVED EXERTION
S i x t e e n  s t u d i e s  r e l a t e d  t o  p e r c e i v e d  e x e r t i o n  w e r e  r e v i e w e d .  
B o rg  p r o v i d e d  a  b a s i s  f o r  q u a n t i f i c a t i o n  a s  he  d e v e l o p e d  a r a t i n g  
s c a l e .  The v a l i d i t y  and  r e l i a b i l i t y  o f  t h e  B org  S c a l e  was e s t a b l i s h e d  
by  S k i n n e r  and  o t h e r s .  B o rg  and  L i n d e r h o l m  f o u n d  t h a t  RPE was 
a f f e c t e d  by  a g e .  M i c h a e l  and H a c k e t t ,  and  M i c h a e l  and  o t h e r s  found  
t h a t  t h e  m os t  c o n s i s t e n t  c u e  i n  p e r c e i v e d  e x e r t i o n  was a h e a r t  r a t e  
o f  b e t w e e n  165 and  180 b e a t s  p e r  m i n u t e .  Morgan s t u d i e d  p s y c h o l o g i c a l  
f a c t o r s  i n f l u e n c i n g  p e r c e i v e d  e x e r t i o n  and  s u g g e s t e d  t h a t  a
C. W. B e l l  and  o t h e r s ,  "The E f f e c t  o f  G l u c o s e  I n g e s t i o n  on 
P e r c e p t u a l  R e s p o n s e s  D u r i n g  Long Term W ork ,"  M e d ic i n e  and  S c i e n c e  
i n  S p o r t s , 7 : 1  ( S p r i n g ,  1 9 7 5 ) ,  p .  8 2 .
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p s y c h o b i o l o g i c  a p p r o a c h  t o  p e r c e i v e d  e x e r t i o n  was t h e  most  e f f e c t i v e .  
Noble  and  o t h e r s  f o u n d  t h a t  man d o e s  n o t  d i r e c t l y  a t t e n d  t o  p h y s i o l o ­
g i c a l  p r o c e s s e s  a s  a b a s i s  f o r  p e r c e i v e d  e x e r t i o n .  S k i n n e r  an d  o t h e r s  
f o u n d  t h a t  RPE was c l o s e l y  r e l a t e d  t o  t h e  p r o p o r t i o n  o f  maximal  
c a p a c i t y  r e q u i r e d  f o r  a  g i v e n  work l o a d .  Nobel  and  o t h e r s  f o u n d  t h a t  
l o c a l  m u s c u l a r  d i s c o m f o r t  was a f a c t o r  i n  p e r c e p t i o n  o f  e x e r t i o n .
S o u l e  and  Goldman f o u n d  t h a t  s u b j e c t s  w o r k i n g  w i t h o u t  s l e e p  d i d  n o t  
c h a n g e  p e r c e p t i o n  o f  " h a r d  w o r k . 1' P a n d o l f  and N ob le  s u g g e s t e d  
p e d a l i n g  r a t e s  o f  60 to  80 rpm i n  o r d e r  t o  c o u n t e r a c t  l o c a l  m u s c u l a r  
f a t i g u e .  P a t t o n  and  o t h e r s  d i s c o v e r e d  t h a t  p e r c e p t i o n  o f  i n t e n s i t y  
was n o t  r e f l e c t e d  by  d i f f e r e n c e s  i n  f i t n e s s  a s  m e a s u r e d  b y  oxygen  
u p t a k e  and  subm ax im a l  h e a r t  r a t e .  H or t sm a n  a nd  o t h e r s  c o n c l u d e d  t h a t  
w a l k i n g  and  r u n n i n g  a t  t h e  same r e l a t i v e  i n t e n s i t y  r e s u l t e d  i n  
c o m p a r a b l e  p h y s i o l o g i c a l  and p e r c e p t u a l  r e s p o n s e s .  C a f a r e l l i  and  
o t h e r s  fo u n d  t h a t  v e n t i l a t i o n  was n o t  i m p o r t a n t  i n  s e l e c t i o n  o f  RPE 
a t  low i n t e n s i t i e s .  R o b e r t s o n  and  o t h e r s  f o u n d  t h a t  a u g m e n t e r s  and 
r e d u c e r s 1 s e n s o r y  c u e s  i n f l u e n c e d  RPE a t  l o w e r  work  l o a d s  b u t  e f f e c t s  
w e r e  l e s s  a t  n e a r  maximal  l e v e l s .  F i n a l l y ,  B e l l  and  o t h e r s  found  
t h a t  g l u c o s e  d e c r e a s e d  p s y c h o p h y s i o l o g i c a l  s t r e s s .
STUDIES RELATED TO MEASUREMENT OF 
AEROBIC AND ANAEROBIC CAPACITY
A e r o b i c  c a p a c i t y  (Max VO2 ) , i s  r e c o g n i z e d  by  p r o m i n e n t  
r e s e a r c h e r s  a s  p r o b a b l y  t h e  b e s t  l a b o r a t o r y  m e a s u r e  o f  a  p e r s o n ' s  
p h y s i c a l  f i t n e s s .  An i n d i v i d u a l s  a e r o b i c  c a p a c i t y  p r o v i d e s  a
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m e a s u r e  o f  t h e  " m o t o r  e f f e c t "  o f  h i s  a e r o b i c  p r o c e s s e s . ^  The re  a r e  
num erous  t e s t s  f o r  t h e  m ea s u rem e n t  o f  a e r o b i c  and a n a e r o b i c  c a p a c i t y .  
Some o f  t h e  more a c c e p t a b l e  t e s t s  employ t h e  u s e  o f  a m o to r  d r i v e n  
t r e a d m i l l  o r  a b i c y c l e  e r g o m e t e r .
18I n  a s t u d y  o f  m e c h a n i c a l  pow er ,  W i l k i e  r e p o r t e d  t h a t
a e r o b i c  power  was d e v e l o p e d  t h r e e  o r  f o u r  m i n u t e s  a f t e r  t h e  s t a r t  o f
i n t e n s i v e  e x e r c i s e  and may c o n t i n u e  f o r  a p e r i o d  o f  a p p r o x i m a t e l y
f i f t e e n  t o  t h i r t y  m i n u t e s .  T h i s  was t h r o u g h  o p t i m a l l y  c o o r d i n a t e d
c i r c u l a t o r y  and r e s p i r a t o r y  a d j u s t m e n t s  r e s u l t i n g  i n  maximum d e l i v e r y
o f  o x y g e n  t o  t h e  a c t i v e  t i s s u e s .
19I k a i  r e p o r t e d  a c l o s e  r e l a t i o n s h i p  b e t w e e n  maximum a e r o b i c  
power and  m e t a b o l i c  c a p a c i t y .  M e t a b o l i c  c a p a c i t y  was s u g g e s t e d  a s  
an  i n d e x  o f  work c a p a c i t y  a s  i t  r e p r e s e n t e d  t h e  amount  o f  e n e r g y  
y i e l d i n g  s u b s t a n c e s  m a x i m a l l y  a v a i l a b l e  f rom  t h e  body  s t o r e s  u n d e r  
a e r o b i c  c o n d i t i o n s  f o r  a  p e r i o d  o f  two t o  t h r e e  h o u r s .
^ P .  0 .  A s t r a n d  and  K. R o d a h l ,  T e x tb o o k  o f  Work P h y s i o l o g y  
(New York :  M c G r a w -H i l l ,  1 9 7 0 ) ,  p .  314 .
18
D. R. W i l k i e ,  "Man a s  a S o u r c e  o f  M e c h a n i c a l  P o w e r , "  
E r g o m o m ic s , 3 ( 1 9 6 0 ) ,  pp .  1 - 8 .
19M. I k a i ,  "The P h y s i o l o g i c a l  F a c t o r s ,  F i t n e s s .  H e a l t h ,  and 
Work C a p a c i t y :  I n t e r n a t i o n a l  S t a n d a r d s  f o r  A s s e s s m e n t , I n t e r n a t i o n a l
C o m m it te e  f o r  t h e  S t a n d a r d i z a t i o n  o f  P h y s i c a l  F i t n e s s  T e s t s ,  e d .  
L e o n a r d  A. L a r s o n ,  (New York :  M a c m i l l a n  P u b l i s h i n g  C o . ,  1 9 7 4 ) ,
pp .  2 8 9 - 2 9 4 .
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20A s t r a n d  d e v e l o p e d  a t e s t  f o r  m e a s u r i n g  a e r o b i c  c a p a c i t y .  
S u b j e c t s  p e d a l e d  a t  a f r e q u e n c y  o f  f i f t y  r e v o l u t i o n s  p e r  m i n u t e .  The 
s u b j e c t s  p e d a l e d  a t  a work l o a d  o f  600  k i l o p o n d m e t e r s  (kpm) f o r  s i x  
m i n u t e s .  A s e c o n d  s i x  m i n u t e  work b o u t  was p e r f o r m e d  a f t e r  a f i v e  
m in u t e  r e s t  p e r i o d  a t  a w ork  l o a d  o f  900 kpm. A f t e r  a n o t h e r  r e s t  
p e r i o d  o f  f i v e  m i n u t e s ,  a t h i r d  s i x  m in u t e  r i d e  was p e r f o r m e d  a t  a 
work l o a d  o f  1200 kpm. T h i s  p r o c e d u r e  c o n t i n u e d  t h r o u g h  work l o a d s  
o f  1500,  1800 ,  and 1950 kpm o r  u n t i l  t h e  oxygen  c o n s u m p t i o n  l e v e l e d  
o f f  o r  d e c l i n e d .
2 1A s t r a n d  and  Rhyming d e v e l o p e d  a nomogram f rom  w h ic h  an  
i n d i v i d u a l ’ s maximal  a t t a i n a b l e  oxygen  u p t a k e  c o u l d  b e  p r e d i c t e d  
f rom  h e a r t  r a t e  a t t a i n e d  w h i l e  p e r f o r m i n g  work  l o a d s  a t  a submaximal  
r a t e .  S u b j e c t s  f o r  t h e  e x p e r i m e n t  w e re  h e a l t h y  m a le s  and  f e m a l e s ,  
e i g h t e e n  t o  t h i r t y  y e a r s  o f  a g e .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  
oxygen  i n t a k e  d u r i n g  work c o u l d  be  c a l c u l a t e d  f rom work  l e v e l  w i t h i n  
a r a n g e  o f  p l u s  o r  minus  6 p e r c e n t  i n  t w o - t h i r d s  o f  t h e i r  s u b j e c t s ,  
and  a s t a n d a r d  d e v i a t i o n  o f  7 . 3  p e r c e n t  f o r  a l l  male  s u b j e c t s .  The 
a u t h o r s  c o n c l u d e d  t h a t  an  i n d i v i d u a l ' s  a e r o b i c  c a p a c i t y  p e r  k i l o g r a m  
o f  body  w e i g h t  p e r  m i n u t e  c o u l d  be  p r e d i c t e d  w i t h i n  a c c e p t a b l e  
l i m i t a t i o n s .
20 P.  0 .  A s t r a n d ,  E x p e r i m e n t a l  S t u d i e s  o f  P h y s i c a l  Working  
C a p a c i t y  i n  R e l a t i o n  t o  Sex and  Age (Copenhagen :  E n j a r  M unksgaa rd ,
1952)  .
21 P.  0 .  A s t r a n d  and I .  Rhyming, "A Nomogram f o r  C a l c u l a t i o n  
o f  A e r o b i c  C a p a c i t y  ( P h y s i c a l  F i t n e s s )  f rom P u l s e  R a te  d u r i n g  Sub-  
maximal  W o rk , "  J o u r n a l  o f  A p p l i e d  P h y s i o l o g y , 7 ( 1 9 5 4 ) ,  pp .  2 1 8 - 2 2 1 .
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99d e V r i e s  d i s c o u n t e d  c r i t i c i s m s  o f  t h e  As t r a n d - R h y m in g  
Nomogram. The a u t h o r  s t a t e d  t h a t  t h e  t e s t  h a s  n o t  b e e n  p r o p o s e d  a s  
a m ea s u rem e n t  o f  oxygen  c o n s u m p t i o n ,  b u t  o n l y  a s  a n  e s t i m a t e .  d e V r i e s  
s u g g e s t e d  t h a t  i f  a s t a n d a r d  e r r o r  o f  p l u s  o r  m inus  10 p e r c e n t  i s  
a c c e p t a b l e  a s  a t r a d e o f f  f o r  a t e s t  t h a t  r e q u i r e s  o n l y  s i x  m i n u t e s  
and a submaximal  work  l o a d  f o r  t h e  s u b j e c t s ,  t h e n  t h e  A s t r a n d - R h y m in g
t e s t  s h o u l d  b e  t h e  p r o c e d u r e  o f  c h o i c e .
9 ^d e V r i e s  and  K l a f s  a t t e m p t e d  t o  v a l i d a t e  submax imal  t e s t s  
f rom w h i c h  max imal  p h y s i c a l  w o r k i n g  c a p a c i t y  c o u l d  be  p r e d i c t e d .
The a d v a n t a g e s  o f  a submax imal  t e s t  w e r e  g i v e n  a s :
1.  M o t i v a t i o n  c o u l d  b e  e l i m i n a t e d  a s  a f a c t o r .
2 .  O l d e r  s u b j e c t s ,  u n f i t  o r  u n c o n d i t i o n e d  s u b j e c t s  c o u l d  b e  
i n c l u d e d  i n  t e s t i n g .
3.  E s t i m a t e s  o r  r e s e r v e  power o f  c i r c u l o - r e s p i r a t o r y  s y s t e m  
c o u l d  be  made p r o v i d i n g  m e a s u r e s  o f  f u n c t i o n a l  c a p a c i t y .
The t e s t s  com pared  w e r e :  (1)  S j o s t r a n d - W a h l u n d  t e s t  o f
p h y s i c a l  w o r k i n g  c a p a c i t y ,  (2 )  a m o d i f i c a t i o n  o f  S j o s t r a n d - W a h l u n d  
t e s t  u s i n g  b e n c h  s t e p p i n g  i n s t e a d  o f  a  b i c y c l e  e r g o m e t e r ,  (3)  t h e  
H a r v a r d  S t e p  T e s t  (wh ich  was submax imal  f o r  t h e  m a t e r i a l  t e s t e d ) ,
(4 )  t h e  P r o g r e s s i v e  P u l s e  R a t i o  t e s t ,  (5)  a t h r e e  m i n u t e  m o d i f i c a t i o n  
o f  t h e  D e l t a  R. Q. t e s t ,  and  (6)  t h e  A s t r a n d - R h y m in g  Nomogram. The 
a u t h o r s  r e p o r t e d  a  c o r r e l a t i o n  o f  .736 b e tw e e n  maximal  oxygen  u p t a k e
9 9 H. A. d e V r i e s ,  L a b o r a t o r y  E x p e r i m e n t s  i n  P h y s i o l o g y  o f  
E x e r c i s e  (Dubuque ,  Iowa:  Wm. C. Brown,  1 9 7 1 ) ,  p .  89 .
23 H, A. d e V r i e s  and  C. E.  K l a f s ,  " P r e d i c t i o n  o f  Maximal 02 
I n t a k e  from Submaximal  T e s t s , "  J o u r n a l  o f  S p o r t s  M e d ic in e  and 
P h y s i c a l  F i t n e s s , 5 : 4  (December,  1 9 6 5 ) ,  pp .  2 0 7 - 2 1 4 .
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and t h e  A s t r a n d - R h y m in g  p r e d i c t i o n .  The c o n c l u s i o n  was t h a t ,  a t  
l e a s t  f o r  a c t i v e  c o l l e g e - a g e  men, max imal  oxygen  u p t a k e  c o u l d  be 
p r e d i c t e d  f rom  subm ax im a l  t e s t s .
One o f  t h e  m os t  w i d e l y  u s e d  t e s t s  o f  a e r o b i c  c a p a c i t y  i s  t h e
f j  I
B a l k e  T r e a d m i l l  T e s t .  I n  t h i s  s t u d y  s u b j e c t s  m a i n t a i n e d  a  c o n s t a n t  
s p e e d  o f  3 . 5  m i l e s  p e r  h o u r  on a m o to r  d r i v e n  t r e a d m i l l .  The s l o p e  
was i n c r e a s e d  by  one h a l f  p e r c e n t  o f  b e l t  t r a v e l  s p e e d  p e r  m i n u t e  a t  
t h e  end  o f  e a c h  m i n u t e .  The t e s t  was t e r m i n a t e d  upon  s u b j e c t s  
r e a c h i n g  a  h e a r t  r a t e  o f  184-188  b e a t s  p e r  m i n u t e  (bpm ) . B a l k e  and 
o t h e r s  c o n c l u d e d  t h a t  when a  h e a r t  r a t e  o f  180 bpm was com pared  w i t h  
ga s  a n a l y s i s ,  t h e  r e s p i r a t o r y  ga s  e x c h a n g e  r e a c h e d  u n i t y  and  t h e  
oxygen  p u l s e  r e a c h e d  maximum v a l u e .
2  ST a y l o r ,  E i s k i r k ,  and  H e n s c h e l  d e v e l o p e d  a  t r e a d m i l l  t e s t  
w h ic h  c a l l e d  f o r  s u b j e c t s  t o  warm-up p e r f o r m a n c e  on a t r e a d m i l l  a t  
3 . 5  mph and  a 10 p e r c e n t  g r a d e ,  f o l l o w e d  by  a r e s t  p e r i o d  o f  f i v e  
m i n u t e s .  S u b j e c t s  t h e n  r a n  a t  s e v e n  m i l e s  p e r  h o u r  a t  a g r a d e  
s e l e c t e d  on t h e  b a s i s  o f  a f i t n e s s  t e s t .  E x p i r e d  a i r  was c o l l e c t e d  
a s  s u b j e c t s  r a n  c o n t i n u o u s l y  f o r  t h r e e  m i n u t e s .  I n d i v i d u a l  oxygen  
c o n s u m p t io n  was c a l c u l a t e d  f o r  t h i s  p e r i o d .
0 /
B. B a l k e  and  o t h e r s ,  "Work C a p a c i t y  a f t e r  B lood  D o n a t i o n , "  
J o u r n a l  o f  A p p l i e d  P h y s i o l o g y . 7 (November,  1 9 5 4 ) ,  pp .  2 3 1 - 2 3 2 .
25 H. T a y l o r ,  E. B i s k i r k ,  and  A. H e n s c h e l ,  "Maximal  Oxygen 
I n t a k e  a s  a n  O b j e c t i v e  M easure  o f  t h e  C a r d i o r e s p i r a t o r y  P e r f o r m a n c e , "  
J o u r n a l  o f  A p p l i e d  P h y s i o l o g y , 8 ( F e b r u a r y ,  1 9 5 5 ) ,  p p .  7 3 - 8 0 .
26
A n o t h e r  nomogram f o r  p r e d i c t i o n  o f  a e r o b i c  c a p a c i t y  b a s e d  on
h e a r t  r a t e  v a l u e s  o b t a i n e d  a t  two d i f f e r e n t  subm ax im a l  work  l o a d s
26was d e v e l o p e d  by  M a r g a r i a ,  Aghemo, and  R o v e l l i .  S u b j e c t s  f o r  t h e  
s t u d y  w e r e  f o r t y - s e v e n  m ale  and  f e m a l e s  b e t w e e n  t h e  a g e s  o f  n i n e  and 
e i g h t y .  P r o c e d u r e s  i n c l u d e d  two s t e p p i n g  work  l o a d s  on a t h i r t y  and 
f o r t y  c e n t i m e t e r  b e n c h  w i t h  s t e p p i n g  f r e q u e n c i e s  m a i n t a i n e d  by a 
m et ronom e .  The two submax imal  work l o a d s  w e r e  d e s i g n e d  t o  y i e l d  a 
h e a r t  r a t e  o f  100 and  150 b e a t s  p e r  m i n u t e .  Hie a u t h o r s  r e p o r t e d  a 
5 . 7  p e r c e n t  d i f f e r e n c e  b e t w e e n  t h e  p r e d i c t e d  and  t h e  d e t e r m i n e d
maximum oxygen  u p t a k e  v a l u e s .
27D a v i s  r e p o r t e d  a  s t u d y  i n  w h i c h  a c o m p a r i s o n  o f  t h e  A s t r a n d -  
Rhyming Nomogram and  t h e  M a r g a r i a ,  Aghemo, and R o v e l l i  Nomogram was 
made.  The p r e m i s e s  w e r e  t e s t e d  t h a t  t h e  r e l a t i o n s h i p  b e tw e e n  c a r d i a c  
f r e q u e n c y  and  o xyge n  u p t a k e  i s  l i n e a r  up t o  and  i n c l u d i n g  maximum 
work  l e v e l s ,  an d  t h a t  a l l  s u b j e c t s  w i t h i n  a p a r t i c u l a r  age  g roup  a r e  
a b l e  t o  r e a c h  s i m i l a r  maximum c a r d i a c  f r e q u e n c y  v a l u e s .  D a v i e s '  
f i n d i n g s  d i d  n o t  s u b s t a n t i a t e  e i t h e r  p r e m i s e  a s  he  r e p o r t e d  t h a t  t h e  
r e l a t i o n s h i p  b e t w e e n  c a r d i a c  f r e q u e n c y  and  oxygen  u p t a k e  becomes  
a s y m p t o t i c  a t  n e a r  maximum e f f o r t  and  maximum c a r d i a c  f r e q u e n c y  shows 
a s m a l l  b u t  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  w i t h  maximum oxygen  i n t a k e .
26 R. M a r g a r i a ,  P.  Aghemo, and  E. R o v e l l i ,  " I n d i r e c t  
D e t e r m i n a t i o n  o f  Maximal  Oxygen C onsum pt ion  i n  Man,"  J o u r n a l  o f  
A p p l i e d  P h y s i o l o g y , 10 ( S e p t e m b e r ,  1 9 6 5 ) ,  p p .  10 7 0 -1 0 7 3 .
2 7C. T. M. D a v i e s ,  "Maximum Oxygen U p t a k e :  P r e d i c t i o n  f ro m
C a r d i a c  F r e q u e n c y  D u r i n g  Submaximal  E x e r c i s e , "  P r o c e e d i n g s  o f  t h e  
P h y s i o l o g i c a l  S o c i e t y  ( J a n u a r y ,  1 9 6 7 ) ,  pp .  7 7 - 7 8 .
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The a u t h o r  f u r t h e r  fo u n d  t h a t  t h e  v a r i a b i l i t y  o f  c a r d i a c  f r e q u e n c y  
i n  r e s p o n s e  t o  a g i v e n  work  l o a d  p r e c l u d e d  a c c u r a t e  e s t i m a t i o n  o f  
maximum o x y g e n  u p t a k e  f rom  e i t h e r  o f  t h e  two nomograms.  The 
i n v e s t i g a t o r  c o n c l u d e d  t h a t  s i n g l e  o r  d o u b l e  m e a s u r e s  o f  c a r d i a c  
f r e q u e n c y  and  o x y g e n  u p t a k e  y i e l d  a  c r u d e  e s t i m a t i o n  o f  maximum 
oxyge n  u p t a k e .
A t e s t  t h a t  h a s  had w i d e  a c c e p t a n c e  i n  d e t e r m i n i n g  a e r o b i c
28c a p a c i t y  was d e v e l o p e d  by  B ro u h a  °  d u r i n g  Wor ld  War I I .  P r o c e d u r e s  
i n c l u d e d  b e n c h  s t e p p i n g  on a  t w e n t y  i n c h  b e n c h  t h i r t y  t i m e s  p e r  
m i n u t e  f o r  f i v e  m i n u t e s  u n l e s s  t h e  s u b j e c t  s t o p s  e a r l i e r  due  t o  
e x h a u s t i o n .  The s u b j e c t ’ s s c o r e  i s  d e r i v e d  f rom t h e  d u r a t i o n  o f  t h e  
e x e r c i s e  i n  s e c o n d s  d i v i d e d  by  p u l s e  c o u n t s  i n  r e c o v e r y .
29The H a r v a r d  S t e p  T e s t  was m o d i f i e d  by  S k u b i c  and  H o d g k in s  
i n  o r d e r  t o  d e v e l o p  a n  a c c e p t a b l e  c a r d i o v a s c u l a r  f i t n e s s  f o r  women. 
The r e s e a r c h e r s  c h a n g e d  t h e  o r i g i n a l  H a r v a r d  S t e p  T e s t  f rom  f i v e  
m i n u t e s  t o  t h r e e  m i n u t e s  d u r a t i o n .  B o th  t h e  f i v e  m i n u t e  and  t h e  
t h r e e  m i n u t e s  t e s t s  w e r e  a d m i n i s t e r e d  to  n i n e t y - s i x  f e m a l e s  b e tw e e n  
t h e  a g e s  o f  t w e l v e  and  t w e n t y - f i v e  y e a r s .  The s t e p p i n g  c a d e n c e  i n  
b o t h  i n  b o t h  t e s t s  was t w e n t y - f o u r  s t e p s  p e r  m i n u t e  on an  e i g h t e e n  
i n c h  b e n c h .  A r e p o r t e d  c o r r e l a t i o n  o f  .79  was o b t a i n e d .
L u c i e n  B r o u h a ,  "The S t e p  T e s t :  A S i m p l e  Method o f  M e a s u r i n g  
P h y s i c a l  F i t n e s s  f o r  M u s c u l a r  Work i n  Young Men,"  R e s e a r c h  Q u a r t e r l y , 
16 (March ,  1 9 4 3 ) ,  p .  31 .
29 V e r a  S k u b i c  and  J e a n  H o d g k i n s ,  " C a r d i o v a s c u l a r  E f f i c i e n c y  
T e s t s  f o r  G i r l s  and  Women," R e s e a r c h  Q u a r t e r l y , 35 (May, 1 9 6 3 ) ,  
p p .  1 9 1 - 1 9 8 .
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30K u r u c z ,  Fox ,  and  Mathews d e v e l o p e d  t h e  Ohio S t a t e  U n i v e r s i t y  
S t e p  T e s t  f o r  t e s t i n g  men b e t w e e n  t h e  a g e s  o f  e i g h t e e n  and  s i x t y  
y e a r s .  The t e s t  c o n s i s t e d  o f  e i g h t e e n  i n n i n g s  o f  f i f t y  s e c o n d  d u r a ­
t i o n  w i t h  e a c h  i n n i n g  d i v i d e d  i n t o  a t h i r t y  s e c o n d  work  p e r i o d  and a 
t w e n t y  s e c o n d  r e s t  p e r i o d .  D u r i n g  t h e  r e s t  p e r i o d  a  t e n  s e c o n d  p u l s e  
c o u n t  was t a k e n  b e g i n n i n g  w i t h  s e c o n d  f i v e  and  e n d i n g  w i t h  s e c o n d  
f i f t e e n .  The work  l o a d s  f o r  t h e  t e s t  c o n s i s t e d  o f  t h r e e  s i x  i n n i n g  
work b o u t s .  The t e s t  t e r m i n a t e d  when t h e  s u b j e c t ' s  p u l s e  r a t e  
r e a c h e d  t h e  c r i t e r i o n  h e a r t  r a t e .  A t e s t - r e t e s t  r e l i a b i l i t y  c o e f f i ­
c i e n t  o f  .94 was r e p o r t e d .
31C o t t e n  m o d i f i e d  t h e  Ohio S t a t e  U n i v e r s i t y  S t e p  T e s t  s o : t h a t  
i t  c o u l d  be  u s e d  i n  mass  t e s t i n g  s i t u a t i o n s .  C o t t e n  u s e d  one  s e v e n ­
t e e n  i n c h  b e n c h  f o r  a l l  t h r e e  p h a s e s  o f  t h e  t e s t  and  c h a n g e d  t h e  
s t e p p i n g  c a d e n c e  i n  P h a s e  I I I  t o  t h i r t y - s i x  s t e p s  p e r  m i n u t e .  The 
commands and  t e s t  i n s t r u c t i o n s  w e r e  r e c o r d e d  on t a p e  t o  i n s u r e  a 
a c c u r a t e  t i m i n g  t h r o u g h o u t  t h e  t e s t .  The a u t h o r  c o n c l u d e d  t h a t  t h e  
m o d i f i e d  t e s t  was a  s a t i s f a c t o r y  m e a s u r e  f o r  t e s t i n g  c a r d i o v a s c u l a r  
f i t n e s s  and was p r a c t i c a l  f o r  mass  t e s t i n g  i n  h i g h  s c h o o l  s i t u a t i o n s .
One h a s  o n l y  t o  a n a l y z e  t h e  e x p l o s i v e  e f f o r t s  r e q u i r e d  i n  t h e  
m a j o r  A m e r i c a n  s p o r t s  o f  f o o t b a l l ,  b a s k e t b a l l ,  and  b a s e b a l l  t o
30 R o b e r t  L. K u r u c z ,  Edward L.  F ox ,  and  Dona ld  K. Mathews,  
" C o n s t r u c t i o n  o f  a  Submaximal  C a r d i o v a s c u l a r  S t e p  T e s t , "  R e s e a r c h  
Q u a r t e r l y . 40 (M arch ,  1 9 6 9 ) ,  p p .  1 1 5 -1 2 1 .
O 1
D oyic e  J .  C o t t e n ,  "A M o d i f i e d  S t e p  T e s t  f o r  Group 
C a r d i o v a s c u l a r  T e s t i n g , "  R e s e a r c h  Q u a r t e r l y . 42 (March ,  1 9 7 1 ) ,  
pp .  9 1 - 9 5 .
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a p p r e c i a t e  t h e  i m p o r t a n c e  o f  e x p l o s i v e  po w e r .  I t  h a s  b e e n  s t a t e d  
t h a t  t h e r e  i s  t o t a l  a g r e e m e n t  t h a t  e x p l o s i v e  s t r e n g t h  makes up  an  
i n d e p e n d e n t  f a c t o r  o f  p h y s i c a l  f i t n e s s . ^  R a r e l y  d o e s  a n  a t h l e t e
e x e r t  maximum e f f o r t  b e y o n d  t h e  f o u r  t o  f i v e  s e c o n d  p e r i o d .  A s t r a n d
33an d  Rodah l  r e p o r t e d  t h a t  i n  work  l o a d s  o f  h i g h  i n t e n s i t y ,  a n a e r o b i c  
p r o c e s s e s  must  s u p p l y  p a r t  o f  t h e  e n e r g y  d u r i n g  t h e  e a r l y  p h a s e .  The 
a u t h o r s  f u r t h e r  s t a t e d  t h a t  w i t h  a work  t im e  o f  up t o  two m i n u t e s  t h e  
a n a e r o b i c  power  was more i m p o r t a n t  t h a n  t h e  a e r o b i c  p ow e r .  A s t r a n d  
and  Rodahl  sum m ar ized  t h e  more i m p o r t a n t  p o i n t s  r e g a r d i n g  a n a e r o b i c  
p r o c e s s e s :
1. D u r i n g  l i g h t  e x e r c i s e ,  t h e  oxygen  s t o r e  i n  t h e  m u s c l e s  
p l u s  t h e  oxyge n  s u p p l i e d  a s  t h e  r e s p i r a t i o n  and  c i r c u l a t i o n  
a d a p t  t o  t h e  work w i l l  c o m p l e t e l y  c o v e r  t h e  oxygen  n e e d .
2. D u r i n g  e x e r c i s e  o f  m o d e r a t e  i n t e n s i t y ,  a n a e r o b i c  p r o c e s s e s  
c o n t r i b u t e  t o  t h e  e n e r g y  o u t p u t  a t  t h e  b e g i n n i n g  o f  t h e  e x e r c i s e  
u n t i l  t h e  a e r o b i c  o x i d a t i o n  c a n  t a k e  o v e r  and  c o m p l e t e l y  c o v e r  
t h e  e n e r g y  demand.
3. D u r i n g  h e a v i e r  e x e r c i s e ,  t h e  l a c t i c  a c i d  p r o d u c t i o n  a n d ,  
t h e r e f o r e ,  t h e  r i s e  i n  b l o o d  l a c t a t e  c o n c e n t r a t i o n  i s  h i g h e r  and 
r e m a i n s  h i g h  t h r o u g h o u t  t h e  work  p e r i o d  . . .
4 .  D u r i n g  v e r y  s e v e r e  e x e r c i s e ,  t h e r e  i s  a c o n t i n u o u s l y  
g r o w i n g  oxygen  d e f i c i t  and  an  i n c r e a s e  i n  t h e  l a c t a t e  c o n t e n t  o f  
t h e  b l o o d  b e c a u s e  o f  t h e  p r e d o m i n a t e l y  a n a e r o b i c  m e t a b o l i s m .
The work c a n n o t  be  c o n t i n u e d  f o r  more t h a n  a few m i n u t e s  . . . 
b e c a u s e  t h e  s u b j e c t ' s  m u s c l e s  c a n  no l o n g e r  f u n c t i o n . ^
^ B a r r y  L. J o h n s o n  and  J a c k  K. N e l s o n ,  P r a c t i c a l  M e as u re m e n ts  
f o r  E v a l u a t i o n  i n  P h y s i c a l  E d u c a t i o n  ( M i n n e a p o l i s :  B u r g e s s ,  1 9 6 9 ) ,
p.  367 .
33A s t r a n d  and  R o d a h l ,  o p .  c i t . ,  p .  283 .
34
I b i d . , p . 296.
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35R. M a r g a r i a  and  o t h e r s  s t u d i e d  t h e  oxygen  d e b t  c o n t r a c t i o n  
i n  man. Oxygen c o n s u m p t i o n  i n c r e a s e d  e x p o n e n t i a l l y  w i t h  t i m e .
Oxygen c o n s u m p t i o n  i n c r e a s e s  a p p e a r e d  t o  b e  i n d e p e n d e n t  o f  t h e  
i n t e n s i t y  and  s h o r t  d u r a t i o n  ( a n a e r o b i c  w o r k ) ,  t h e n  i t  seemed to  
i n c r e a s e .  M a r g a r i a  and  o t h e r s  c o n c l u d e d  t h a t  t h e  k i n e t i c s  o f  t h e  
l a c t i c  a c i d  i n c r e a s e  d u r i n g  e x e r c i s e  a g r e e d  w i t h  t h e  h y p o t h e s i s  o f  
a n  a d d i t i o n a l  m echan ism  o f  oxyge n  d e b t  c o n t r a c t i o n .
M a r g a r i a  and  o t h e r s ' ^  d e v i s e d  a  t e s t  f o r  m e a s u r i n g  maximum 
a n a e r o b i c  p ow e r ,  o r  t h e  p h y s i c a l  p e r f o r m a n c e  c a p a c i t y ,  i n  a  s h o r t  
b u r s t  o f  m aximal  a c t i v i t y .  The t e s t  c o n s i s t e d  o f  m e a s u r i n g  w i t h  an  
e l e c t r o n i c  c l o c k  t h e  v e r t i c a l  com ponen t  o f  t h e  maximum s p e e d  o f  a 
s u b j e c t  r u n n i n g  up a n  o r d i n a r y  s t a i r c a s e .  A p o i n t  e m p h a s i z e d  by  t h e  
r e s e a r c h e r s  was t h a t  a n a e r o b i c  pow er ,  a s  m e a s u r e d  by t h e i r  t e s t ,  i s  
m e a s u r e d  i n  t e r m s  o f  m e c h a n i c a l  work o u t p u t ,  w h e r e a s  a e r o b i c  power 
i s  u s u a l l y  m e a s u r e d  by oxygen  c o n s u m p t i o n .  M a r g a r i a  and o t h e r s  l i s t e d  
t h e  f o l l o w i n g  a d v a n t a g e s  o f  t h e i r  t e s t :
1. I t  i s  a m e a s u r e  o f  a m e a n i n g f u l  p h y s i c a l l y  w e l l - d e f i n e d  
c h a r a c t e r ,  n a m e ly  power o u t p u t .
2 .  No p a r t i c u l a r  know ledge  o r  s k i l l  i s  r e q u i r e d  f rom  th e  
o p e r a t o r .
3 .  No e x p e n s i v e  e r g o m e t r i c  a p p a r a t u s  i s  r e q u i r e d .
35 R. M a r g a r i a  and o t h e r s ,  " K i n e t i c s  and  Mechanism o f  Oxygen 
Debt  C o n t r a c t i o n  i n  Man,"  J o u r n a l  o f  A p p l i e d  P h y s i o l o g y , 18 ( 1 9 6 3 ) ,  
p p .  3 7 1 - 3 7 7 .
36
R. M a r g a r i a ,  P.  Aghemo, and  E.  R o v e l l i ,  "Measurement  o f  
M u s c u l a r  Power ( A n a e r o b i c )  i n  Man,"  J o u r n a l  o f  A p p l i e d  P h y s i o l o g y , 
21 ( 1 9 6 6 ) ,  p p .  1 6 6 2 - 1 6 6 4 .
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4 .  The e x e r c i s e  i s  a h a b i t u a l  f o r  e v e r y o n e  and  d o e s  n o t  
r e q u i r e  p a r t i c u l a r  t r a i n i n g  o r  s k i l l .
5 .  The t e s t  d o e s  n o t  l e a d  t o  e x h a u s t i o n  . . . and  i s  w e l l  
a c c e p t e d  by t h e  s u b j e c t s .
6 . I t  c a n  f i n d  w i d e  a p p l i c a t i o n  i n  p o p u l a t i o n  s u r v e y s .
As t h e  t e r m  i m p l i e s ,  a n a e r o b i c  power c a n  be  m a i n t a i n e d  f o r  
o n l y  a s h o r t  p e r i o d  o f  t i m e .  The m e a s u r e m e n t  o f  oxygen  i n t a k e  
f o l l o w i n g  t h e  r e c o v e r y  p e r i o d  s e r v e s  a s  an  a s s e s s m e n t  o f  t h e
o 7
a n a e r o b i c  power  o f  an  i n d i v i d u a l ,  '  M e c h a n i c a l  power  o f  an  a n a e r o b i c  
n a t u r e  i s  c o n s i d e r e d  a s  a n  i n d e x  o f  p h y s i c a l  p e r f o r m a n c e  c a p a c i t y .
SUMMARY OF STUDIES RELATED TO MEASUREMENT 
OF AEROBIC AND ANAEROBIC CAPACITY
W i t h i n  t h e  s c o p e  o f  t h i s  s t u d y  a l i m i t e d  number o f  s t u d i e s  
w e re  r e v i e w e d  d e a l i n g  w i t h  t h e  m ea s u rm e n t  o f  a e r o b i c  and  a n a e r o b i c  
c a p a c i t y .  A s t r a n d  and Rodah l  s u g g e s t e d  t h a t  a e r o b i c  c a p a c i t y  was 
p e r h a p s  t h e  b e s t  m e a s u r e  o f  an  i n d i v i d u a l ' s  p h y s i c a l  f i t n e s s .  W i l k i e  
r e p o r t e d  t h a t  a e r o b i c  power  was d e v e l o p e d  t h r e e  o r  f o u r  m i n u t e s  a f t e r  
i n t e n s i v e  e x e r c i s e .  I k a i  r e p o r t e d  a  c l o s e  r e l a t i o n s h i p  b e tw e e n  
a e r o b i c  c a p a c i t y  and  m e t a b o l i c  c a p a c i t y .  A s t r a n d  d e v e l o p e d  a t e s t  
f o r  m e a s u r i n g  a e r o b i c  power  on a b i c y c l e  e r g o m e t e r .  A s t r a n d  and 
Rhyming r e p o r t e d  t h e  d e v e l o p m e n t  o f  a  nomogram f o r  p r e d i c t i n g  oxygen  
u p t a k e .  d e V r i e s  and  K l a f s  v a l i d a t e d  a  number o f  subm ax im a l  t e s t s  f o r  
p r e d i c t i n g  maximal  oxygen  u p t a k e  and  found  a  c o r r e l a t i o n  o f  .736 
b e t w e e n  t h e  A s t r a n d - R h y m i n g  Nomogram and  maximal  oxygen  u p t a k e .
37
L a r s o n ,  op .  c i t . ,  p .  293 .
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B a l k e  d e s c r i b e d  t h e  d e v e l o p m e n t  o f  t h e  B a l k e  T r e a d m i l l  T e s t .  A n o t h e r  
t r e a d m i l l  t e s t  was d e v e l o p e d  by  T a y l o r ,  B i s k i r k ,  and H e n s c h e l .  
M a r g a r i a ,  Aghemo, and R o v e l l i  d e v e l o p e d  a  nomogram f o r  p r e d i c t i n g  
maximal  oxygen  u p t a k e  s i m i l a r  t o  t h e  A s t r a n d - R h y m i n g  Nomogram.
D a v i e s  compared  t h e  two nomograms r e p o r t e d  i n  t h e  l i t e r a t u r e  and  
fo u n d  t h a t  a  c r u d e ~ . e s t i m a t e  o f  maximal  oxygen  u p t a k e  r e s u l t e d .
Brouha  d e v i s e d  t h e  H a r v a r d  S t e p  T e s t .  S k u b i c  and  Hodgk ins  d e v e l o p e d  
a m o d i f i c a t i o n  o f  t h e  H a r v a r d  S t e p  T e s t  f o r  women. The Ohio S t a t e  
U n i v e r s i t y  S t e p  T e s t  was d e s c r i b e d  by K u r u c z ,  Fox ,  and  Mathews.
C o t t e n  m o d i f i e d  t h e  Ohio  S t a t e  T e s t  f o r  mass  a p p l i c a t i o n .
A n a e r o b i c  c a p a c i t y  was e x p l a i n e d  and  d e s c r i b e d  by  A s t r a n d  
and  R o d a h l .  M a r g a r i a  and  o t h e r s  s t u d i e d  t h e  oxygen  d e b t  c o n t r a c t i o n  
i n  man a s  r e l a t e d  t o  a n a e r o b i c  w o r k .  M a r g a r i a ,  Aghemo, and  R o v e l l i  
r e p o r t e d  a t e s t  d e s i g n e d  t o  m e a s u r e  a n a e r o b i c  c a p a c i t y .
LITERATURE RELATED TO MEASUREMENT OF PERFORMANCE 
DIFFERENCES BETWEEN BLACK AND WHITE SUBJECTS
E a r l y  c o m p a r i s o n  o f  b l a c k  p e o p l e  w i t h  o t h e r  r a c e s  c e n t e r e d  
a r o u n d  a n t h r o p o m e t r i c  s t u d i e s .  One o f  t h e  e a r l i e s t  s t u d i e s  was 
c o n d u c t e d  by  H e r s k o v i t s  i n  1928.  D a ta  c o l l e c t e d  by  t h e  a n t h r o p o l o ­
g i s t  l e d  t o  t h e  c o n c l u s i o n :
The l e g s  o f  t h e  A f r i c a n s  a r e  l o n g  i n  p r o p o r t i o n  t o  t h e i r  
t o t a l  s t a t u e ,  t h e i r  h e i g h t  s i t t i n g  i s  s h o r t  a s  com pared  w i t h  
t h a t  o f  t h e  o t h e r  two r a c i a l  g r o u p s .  S k i n  c o l o r  i s  t h e
38 M e l v i l l e  J .  H e r s k o v i t s ,  The A m er ican  Negro :  A S t u d y  i n
R a c i a l  C r o s s i n g  ( B l o o m i n g to n :  I n d i a n a  U n i v e r s i t y  P r e s s ,  1 9 6 4 ) ,
p. 11.
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o u t s t a n d i n g  t r a i t  w h i c h  e x h i b i t s  d i f f e r e n c e ,  w h i l e  o t h e r  t r a i t s ,  
su c h  a s  f i n g e r  l e n g t h ,  i n t e r p u p i l l a r y  d i s t a n c e ,  s t a t u e ,  h i p  
w i d t h ,  e t c . ,  show c h a r a c t e r i s t i c  s t a t i s t i c a l  d i f f e r e n c e s  
b e t w e e n  t h e  r a c e s .
I n  a n  a t t e m p t  t o  s h e d  l i g h t  on t h e  b l a c k  d o m i n a t i o n  
39phenomenon,  Metheny  c o l l e c t e d  a n t h r o p o m e t r i c  m e a s u r e m e n t s  on f o r t y -  
s e v e n  l o c a t i o n s  t h r o u g h o u t  t h e  body  on f i f t y - o n e  male  b l a c k  s u b j e c t s  
and  f i f t y - o n e  m ale  w h i t e  s u b j e c t s  a t t e n t i n g  t h e  S t a t e  U n i v e r s i t y  o f  
Iowa i n  1938.  No a t t e m p t  was made t o  t r a c e  t h e  a n c e s t r y  o f  t h e  
s u b j e c t s ,  and t h e  s o c i o e c o n o m i c  l e v e l  was n o t  i n c l u d e d  i n  t h e  s t u d y .  
The f i n d i n g s  o f  M e th e n y 1s s t u d y  i n c l u d e d :
1. The b l a c k  s u b j e c t s  w e r e  h e a v i e r  t h a n  t h e  w h i t e  s u b j e c t s  
e v e n  though b l a c k s  had l e s s  f a t .  The g r e a t e r  w e i g h t  was due  somewhat  
t o  t h e i r  h e a v i e r  b o n e s  and  g r e a t e r  m u s c u l a t u r e .  I t  was s t a t e d  t h a t  
t h e  b l a c k s '  s t u r d i e r  c o n s t r u c t i o n  wou ld  b e  a d v a n t a g e o u s  i n  s u c h  
s p o r t s  a s  f o o t b a l l .
2 .  The b l a c k  s u b j e c t s  w e r e  found  t o  h a v e  l o n g e r  f o r e a r m s
and h a n d s  t h a n  w h i t e  s u b j e c t s .  The a u t h o r  s u g g e s t e d  a  b l a c k  a d v a n t a g e  
i n  t h r o w i n g  e v e n t s ,  s h o t  p u t t i n g ,  and  i n  h i g h  j u m p i n g .
3.  The b l a c k  s u b j e c t s  had  l o n g e r  l e g s ,  o f  w h i c h  t h e  u p p e r  
s e g m e n t  was s h o r t e r  and  t h e  l o w e r  p r o p o r t i o n a t e l y  l o n g e r .  I t  was 
s u g g e s t e d  t h a t  t h i s  d i f f e r e n c e  p r o d u c e d  a l o n g e r  s t r i d e  i n  r u n n i n g  
w h i l e  t h e  s h o r t e r  u p p e r  l e g  would  r e s u l t  i n  l e s s  r e a c t i o n  i n  t h e  h i p  
i n  t h e  f o r w a r d  s t r i d e .  Metheny  s t a t e d  t h a t ,  " i n  j u m p i n g ,  t h e  l o n g e r
■ ^ E l e a n o r  M e theny ,  "Some D i f f e r e n c e s  i n  B o d i l y  P r o p o r t i o n s  
b e t w e e n  A m e r i c an  Negro and  W h i t e  Male C o l l e g e  S t u d e n t s  a s  R e l a t e d  to  
A t h l e t i c  P e r f o r m a n c e , 11 R e s e a r c h  Q u a r t e r l y , 1 0 : 4  (Decem ber ,  1 9 3 9 ) ,  
pp .  4 1 - 5 3 .
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l e g  i s  e v i d e n t l y  a n  a d v a n t a g e ,  s i n c e  he  i s ' s p l i t  h i g h e r  u p ' ,  and so  
c o u l d  r a i s e  h i s  l e g  h i g h e r . "
4 .  B l a c k s  had  n a r r o w e r  h i p s .  T h i s  was c o n s i d e r e d  t o  b e  an  
a d v a n t a g e  i n  r u n n i n g  by  r e d u c i n g  a n g u l a r  r e a c t i o n  t o  t h e  f o r w a r d  
s t r i d e .
5 .  The f o o t  p r o p o r t i o n s  o f  t h e  b l a c k  s u b j e c t s  d i d  n o t  a p p e a r  
t o  o f f e r  any  d e f i n i t e  a d v a n t a g e s  f o r  r u n n i n g  o r  j u m p i n g .
6 . I n  c h e s t  c o n s t r u c t i o n ,  t h e  b l a c k  was found  t o  be  
h a n d i c a p p e d .  The a u t h o r  s t a t e d :
H i s  c h e s t  i s  s h a l l o w e r ,  and t h e  s l a n t  o f  t h e  r i b s  i s  s u c h  
t h a t  he h a s  a s m a l l e r  e x p a n s i o n  o f  t h e  c h e s t  w a l l  i n  deep  
b r e a t h i n g .  T h i s ,  c o u p l e d  w i t h  h i s  m a r k e d l y  l o w e r  b r e a t h i n g  
c a p a c i t y  (15 t o  20 p e r c e n t  l e s s  t h a n  t h e  w h i t e  h a s  b e e n  r e p o r t e d  
b y  s e v e r a l  i n v e s t i g a t o r s ) ,  i s  a h a n d i c a p  i n  e v e n t s  o f  l o n g  
d u r a t i o n ,  s u c h  a s  d i s t a n c e  r u n n i n g .
Metheny  c o n c l u d e d :
In  some r e s p e c t s  we f i n d  t h a t  t h e  b o d i l y  p r o p o r t i o n s  o f  
t h e  A m e r ic an  Negro  a r e  s u c h  a s  t o  g i v e  h im  a s l i g h t  k i n e s i o -  
l o g i c a l  a d v a n t a g e  i n  c e r t a i n  t y p e s  o f  a t h l e t i c  p e r f o r m a n c e .
I n  c e r t a i n  o t h e r  t y p e s ,  s u c h  a s  d i s t a n c e  r u n n i n g ,  he i s  
somewhat  h a n d i c a p p e d .
Tanner^® m e a s u r e d ,  p h o t o g r a p h e d  an d  x - r a y e d  137 t r a c k  and  
f i e l d  a t h l e t e s  i n  t h e  1960 O lym pics  i n  Rome. From h i s  f i n d i n g s  he 
c o n c u r r e d  t h a t  t h e r e  w e r e  s i g n i f i c a n t  r a c i a l  d i f f e r e n c e s  i n  l e g  
l e n g t h ,  arm l e n g t h ,  and  h i p  w i d t h .  B l a c k  s p r i n t e r s  a v e r a g e d  8 6 . 2  
c e n t i m e t e r s  i n  l e g  l e n g t h  compared  t o  83 c e n t i m e t e r s  f o r  w h i t e  
s p r i n t e r s .  The s i t t i n g  h e i g h t  f o r  b l a c k s  a v e r a g e d  9 2 . 5  c e n t i m e t e r s
^ J .  M. T a n n e r ,  The P h y s i q u e  o f  t h e  Olympic A t h l e t e  (London:  
George  A l l e n  and  Unwin,  L t d . ,  1 9 6 0 ) .
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w h i l e  t h e  w h i t e s  a v e r a g e d  9 3 . 5  c e n t i m e t e r s .  I n  h i p  w i d t h ,  b l a c k s  
a v e r a g e d  2 6 . 8  c e n t i m e t e r s  t o  t h e  w h i t e s  2 8 . 5 .  T h i s  l e d  t h e  a u t h o r  
t o  c o n c l u d e  t h a t  " e v i d e n t l y  t h e  N e g r o e s  h a v e  l o n g e r  l i m b s  and  n a r r o w e r  
h i p s  t h a n  t h e  w h i t e s ,  e v e n  a t  a p p r o x i m a t e l y  t h e  same o v e r a l l  s i z e . "  
F u r t h e r ,  t h e  a u t h o r  s t a t e d  t h a t  t h e  b l a c k s '  l o w e r  l e g  was d i s t i n c t l y  
d i f f e r e n t  when c o m p a red  t o  w h i t e s .  The b l a c k  a t h l e t e  p o s s e s s e s  
n a r r o w e r  m u s c l e s  and  w i d e r  b o n e s .  Arm c i r c u m f e r e n c e  was s i g n i f i c a n t l y  
g r e a t e r  and  t o t a l  s u b c u t a n e o u s  f a t  was s i g n i f i c a n t l y  l e s s  f o r  b l a c k s .
D e L a n e u v i l l e ^  t o o k  a n t h r o p o m e t r i c  m e a s u r e m e n t s  o f  900 b l a c k  
a nd  w h i t e  s u b j e c t s  and compared  them on t e n  d i f f e r e n t  m e a s u r e m e n t s .
A s e c o n d a r y  p u r p o s e  was t o  d e t e r m i n e  w h e t h e r  t h e r e  w e r e  an y  d i f f e r e n c e s  
i n  t h e  s t a n d i n g  b r o a d  jump,  m e d i c i n e  b a l l  p u t ,  and  z i g - z a g  r u n  
p e r f o r m a n c e s  o f  C a u c a s i a n  and  Negro  bo y s  and  g i r l s .  The a u t h o r  f o u n d  
t h a t :  (1 )  b l a c k s  had  s i g n i f i c a n t l y  g r e a t e r  s t a n d i n g  h e i g h t ,  arm,
f o r e a r m ,  h a n d ,  u p p e r  e x t r e m i t y ,  t h i g h ,  l e g ,  and  l o w e r  e x t r e m i t y  l e n g t h  
t h a n  w h i t e s ;  (2 )  w h i t e s  had  s i g n i f i c a n t l y  g r e a t e r  w e i g h t  and  s i t t i n g  
h e i g h t  t h a n  b l a c k s ;  (3 )  w h i t e s  ha d  s i g n i f i c a n t l y  h i g h e r  s c o r e s  on 
s t a n d i n g  b r o a d  jum p ,  m e d i c i n e  b a l l  p u t ,  and z i g - z a g  r u n  t h a n  d i d  t h e  
b l a c k s .
K a n e ^  r e p o r t e d  t h a t  s o - c a l l e d  p h y s i c a l  d i f f e r e n c e s  i n  r a c e s  
may h a v e  e n h a n c e d  t h e  a t h l e t i c  p o t e n t i a l  o f  t h e  b l a c k  a t h l e t e .
^ N e m o u r  B. D e L a n e u v i l l e , J r . ,  "A C o m p a r a t i v e  S t u d y  o f  
A n t h r o p o m e t r i c a l  M e as u re m e n ts  o f  C a u c a s i a n  and  Negro  Boys and  G i r l s "  
( u n p u b l i s h e d  D o c t o r a l  d i s s e r t a t i o n ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  B a t o n  
Rouge,  19 7 1 ) .
j  2
M a r t i n  Kane,  " A s s e s s m e n t  o f  B l a c k  i s  B e s t , "  S p o r t s  
I l l u s t r a t e d . 3 4 : 3  ( J a n u a r y  18,  1 9 7 1 ) ,  pp .  7 2 - 8 3 .
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T h i s  i s  n o t  so  much a m a t t e r  o f  h e i g h t  and w e i g h t  a s  o f  body  
p r o p o r t i o n s .  R e s e a r c h e r s  h a v e  f o u n d  t h a t  t h e  b l a c k  A m e r i c a n ,  
on t h e  a v e r a g e ,  t e n d s  t o  h a v e  a  s h o r t e r  t r u n k ,  a more s l e n d e r  
p e l v i s ,  l o n g e r  arms ( e s p e c i a l l y  f o r e a r m s )  an d  l o n g e r  l e g s  
( e s p e c i a l l y  f rom  t h e  k n e e s  down) t h a n  h i s  w h i t e  c o u n t e r p a r t .
H is  b o n e s  a r e  d e n s e r ,  an d  t h e r e f o r e  h e a v i e r ,  t h a n  t h o s e  o f  
w h i t e s .  He h a s  more m u s c l e  i n  t h e  u p p e r  a rm s  and  l e g s ,  l e s s  
i n  t h e  c a l v e s .  T h e r e  i s  r e a s o n  t o  b e l i e v e  t h a t  h i s  f a t  
d i s t r i b u t i o n  i s  p a t t e r n e d  d i f f e r e n t l y  f rom  t h a t  o f  t h e  w h i t e  
man -  l e a n e r  e x t r e m i t i e s  b u t  n o t  much d i f f e r e n c e  i n  t h e  t r u n k .
And t h e r e  i s  a t r i f l e  o f  e v i d e n c e  -  t h i s  a s p e c t  h a s  b e e n  s t u d i e d  
so  l i t t l e  t h a t  i t  s t i l l  i s  i n  t h e  h i g h l y  s p e c u l a t i v e  s t a t e  - 
t h a t  t h e  b l a c k  m a n ' s  a d r e n a l  g l a n d s ,  a  v i t a l  f a c t o r  i n  many 
s p o r t s ,  a r e  l a r g e r  t h a n  t h e  w h i t e  m a n ' s .
Kane c i t e d  a s t u d y  c o n d u c t e d  b y  A l b e r t  Damon i n  w h i c h  529 
U. S.  Army d i v e r s  w e re  s u r v e y e d  w i t h  r e s p e c t  t o  l u n g  f u n c t i o n :
On f o r c e d  e x p i r a t i o n  t h e  v i t a l  c a p a c i t y  o f  some t h i r t y  
s o l d i e r s  a p p r o a c h e d  o r  e x c e e d e d  t h e  s i x  l i t e r  l i m i t  o f  t h e  
r e c o r d i n g  m a c h i n e .  S u r p r i s i n g l y ,  none  o f  t h e s e  t h i r t y  p u l m i n a r y  
a t h l e t e s  was a N e g r o ,  a l t h o u g h  a t  l e a s t  f i v e  N e g r o e s  m i g h t  h a v e  
b e e n  e x p e c t e d ,  s i n c e  17 p e r c e n t  o f  t h e  s o l d i e r s  w e r e  N e g ro e s  
and  s i n c e  t h e  N e g r o e s  a s  a  g r o u p  seemed t o  t r y  a s  h a r d  a s  t h e  
w h i t e s ,  and  w e r e  no s m a l l e r  and  w e r e  a c t u a l l y  more m u s c u l a r  
and  s t r o n g e r . 43
A n o t h e r  r e l a t e d  s t u d y  was c o n d u c t e d  by Dr .  Edward E. H u n t ,  J r . ,  
a p r o f e s s o r  o f  a n t h r o p o l o g y .  Dr .  Hunt  s u g g e s t e d  t h a t  t h e  b l a c k  
a t h l e t e  h a s :
h y p e r e x t e n s i b i l i t y  - o r  w ha t  t h e  l aym an  m ig h t  c a l l  b e i n g  
d o u b l e - j o i n t e d .  The Negro  h a s  more t e n d o n  and  l e s s  m u s c l e  t h a n  
t h e  w h i t e .  The b l a c k  m a n ' s  h e e l  d o e s n ' t  p r o t r u d e  a s  much and 
h i s  l e g  and  f o o t  g i v e s  h im  t r e m e n d o u s  l e v e r a g e  f o r  j u m p i n g . 44
L l o y d  W i n t e r ,  f o r m e r  San J o s e  S t a t e  t r a c k  c o a c h ,  o f f e r e d  t h e  
v i e w  t h a t  b l a c k  a t h l e t e s  " h a v e  a d i s t i n c t i v e  a b i l i t y  t o  r e l a x  u n d e r
p r e s s u r e .  T h e i r  a n t a g o n i s t i c  m u s c l e s ,  t h e  m u s c l e s  t h a t  e x t e n d ,  s t a y
, ,.45l o o s e .
4 3 I b i d . ,  p .  75. 4 5 I b i d .
44
Ibid .
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The v i e w  was e x p r e s s e d  t h a t  b l a c k s  a r e  a t  a  d i s a d v a n t a g e  i n  
some s p o r t s .  Swimming a p p e a r s  t o  b e  a s p o r t  i n  w h i c h  t h e  b l a c k  
a t h l e t e  a p p a r e n t l y  i s  a t  a  p h y s i c a l  d i s a d v a n t a g e .  T h i s  i s  due  t o  t h e  
g r e a t e r  d e n s i t y  o f  t h e i r  b o n e s  and  m u s c l e s ,  t h e i r  f a t  d i s t r i b u t i o n ,  
an d  t h e i r  s m a l l e r  l u n g  c a p a c i t y .  James E. C o u n s i lm a n ,  swimming 
c o a c h  a t  I n d i a n a  U n i v e r s i t y  and  U. S. Olympic c o a c h  a t  Tokoyo ,  
e x p r e s s e d  h i s  v i ew :
I  t h i n k  power i s  t h e  k e y  t o  t h e  b l a c k  a t h l e t e ' s  s u c c e s s .  . .
I  b e l i e v e  t h e  b l a c k  a t h l e t e  h a s  more w h i t e  m u s c l e  f i b e r s .  . . 
E v e r y  m u s c l e  h a s  two t y p e s  o f  f i b e r s ,  w h i t e  f i b e r s  and  r e d  
f i b e r s .  The w h i t e  m u s c l e  f i b e r s  a r e  a d a p t e d  f o r  s p e e d  o f  
movement ,  o t h e r w i s e  power .  The r e d  m u s c l e  f i b e r s  a r e  a d a p t e d  
f o r  e n d u r a n c e .  W hi te  m u s c l e  f i b e r s  e n a b l e  you t o  jump h i g h ,  
t h ro w  a good k n o c k o u t  punch  o r  a n y t h i n g  t h a t  e n t a i l s  power .
Red f i b e r s  e n a b l e  you t o  r u n  a l o n g  way.  I  t h i n k  t h e  d i f f e r e n c e  
i n  m u s c l e  f i b e r s  i s  t h e  r e a s o n  t h e  b l a c k  a t h l e t e  i s  a b e t t e r  
s p r i n t e r .  . . The b l a c k  a t h l e t e  i s  more a d a p t e d  t o  s p e e d ,  and  
t h a t  a c c o u n t s  f o r  h i s  s u p e r i o r i t y  i n  s p o r t s .  F o o t b a l l ,  b a s e b a l l ,  
b o x i n g ,  b a s k e t b a l l ,  s p r i n t i n g ,  h i g h  j u m p i n g ,  b r o a d  j u m p in g  - -  
t h e s e  i n v o l v e  s p e e d .  . . The r e a s o n  t h e r e  a r e  no o u t s t a n d i n g  
b l a c k  swimmers i s  p r i m a r i l y  s o c i o e c o n o m i c .
The i d e a  t h a t  b l a c k s  a r e  n o t  p h y s i c a l l y  s u i t e d  f o r  d i s t a n c e
r u n n i n g  was d i s p e l l e d  b y  G e r a l d  R i c h a r d s ,  t r a c k  c o a c k  a t  C h i c a g o ' s
H a r l a n  High  S c h o o l .  R i c h a r d s  e x p l a i n e d  t h a t  t h e  e m p h a s i s  h a s  b e e n  on
s p r i n t i n g  b e c a u s e  o f  t h e  e a r l y  s u c c e s s  o f  b l a c k  s p r i n t e r s .  A
c o n c l u s i o n  was t h a t  b l a c k s  a r e  n o t  d i s t a n c e  o r i e n t e d  a s  a r a c e .
B l a c k  y o u n g s t e r s  have  n o t  a c c e p t e d  t h e  r e a l i t y  o f  h a r d  work n e c e s s a r y
/ Mi n  be c om ing  w o r l d  c l a s s  d i s t a n c e  r u n n e r s .
46 I b i d . ,  p .  80 47 I b i d .
48 B i l l  Rhoden,  "Are  B l a c k  A t h l e t e s  N a t u r a l l y  S u p e r i o r , "  E b o n y , 
3 0 : 2  (December,  1 9 5 4 ) ,  pp .  1 3 6 -146 .
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Dr,  Montague Cobb o f  Howard U n i v e r s i t y  c o n t r a d i c t e d  t h e  s o -  
c a l l e d  " s c i e n t i f i c  s t u d i e s "  o f  b l a c k  s u p e r i o r i t y .  Cobb a r g u e d  t h a t  
J e s s e  Chvens, who t r i g g e r e d  s u c h  s t u d i e s ,  d i d  n o t  have  w ha t  i s  
c o n s i d e r e d  t h e  N e g r o i d  t y p e  o f  c a l f ,  f o o t ,  o r  h e e l  b o n e .  Dr .  Cobb 
s t a t e d :
The s p l i t - s e c o n d  d i f f e r e n c e s  i n  t h e  p e r f o r m a n c e s  o f  t h e  
g r e a t  Negro  and  w h i t e  s p r i n t e r s  o f  t h e  p o s t  and p r e s e n t  a r e  
i n s i g n i f i c a n t  f rom a n  a n t h r o p o l o g i c a l  s t a n d p o i n t .  The 
p h y s i q u e s  o f  c ha m p ion  Negro and  w h i t e  s p r i n t e r s  i n  g e n e r a l  . . . 
r e v e a l  n o t h i n g  t o  i n d i c a t e  t h a t  N e g r o i d  p h y s i c a l  c h a r a c t e r i s t i c s  
a r e  a n a t o m i c a l l y  c o n c e r n e d  w i t h  . t h e  p r e s e n t  dom in ance  o f  Negro 
a t h l e t e s  i n ^ a t i o n a l  c o m p e t i t i o n  i n  t h e  s h o r t  d a s h e s  and  t h e  
b r o a d  jump.
Dr .  R i c h a r d  G o ld b y ,  p r o f e s s o r  o f  b i o l o g y  a t  Y a l e  U n i v e r s i t y  
e x p r e s s e d  t h e  v i ew  t h a t  body  s h a p e s  and  s i z e s  w h ic h  c h a r a c t e r i z e  
b r e e d i n g  p o p u l a t i o n s  may i n d e e d  s u i t  a p a r t i c u l a r  g r o u p  o f  p e o p l e  f o r  
one t y p e  o f  b e h a v i o r - - i n  t h i s  c a s e  f o r  a t h l e t i c s . ^ ®
J o k l  e x p r e s s e d  t h e  i d e a  t h a t  b l a c k s  h a v e  i n n a t e  c a p a c i t y ,  n o t  
i n n a t e  a b i l i t y ,  f o r  a t h l e t i c  e x c e l l e n c e .  The r e s e a r c h e r  e x p l a i n e d  
t h a t  b l a c k s  h a v e  an e n o r m o u s l y  u n d e r d e v e l o p e d  c a p a c i t y  f o r  a t h l e t i c s  
b e c a u s e  o f  t h e i r  l a t e  e m a n c i p a t i o n .  Once t h e  b l a c k  man d i s c o v e r e d  
w he re  h i s  a b i l i t y  l a y ,  h e  s e t  a b o u t  c u l t i v a t i n g  t h o s e  a b i l i t i e s .
P e r f o r m a n c e  c a p a c i t y  s t u d i e s  b e tw e e n  b l a c k  s u b j e c t s  and  o t h e r
c  o
r a c e s  w e r e  c o n d u c t e d  i n  numerous  s t u d i e s .  E s p e n s c h a d e  r e s e a r c h e d
4 9 I b i d . ,  p .  138.  5 0 I b i d .
■ ^ I b i d .  , p .  140.
52Anna E s p e n s c h a d e ,  " F i t n e s s  o f  F o u r t h  Grade  C h i l d r e n , "  The 
R e s e a r c h  Q u a r t e r l y , 2 9 : 3  ( O c t o b e r ,  1 9 5 8 ) ,  pp .  2 7 4 - 2 7 8 .
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t h e  p e r f o r m a n c e  o f  b l a c k  and  w h i t e  f o u r t h  g r a d e  c h i l d r e n  on t h e  
K ra us -W e be r  t e s t  and com pared  t h e  r e s u l t s  w i t h  t h o s e  o f  t h e  
C a l i f o r n i a  P h y s i c a l  P e r f o r m a n c e  T e s t .  The a u t h o r  found  t h a t  s i g n i f i ­
c a n t l y  more b l a c k  b o y s  and  b o t h  b l a c k  and  w h i t e  g i r l s  p a s s e d  t h e  
K ra us -W e be r  t e s t  t h a n  d i d  w h i t e  b o y s .  I t  was a l s o  f o u n d  t h a t  i f  t h e  
f l e x i b i l i t y  i t e m  i n  t h e  K raus -W eber  t e s t  were  o m i t t e d ,  t h e r e  was no
s i g n i f i c a n t  s e x  o r  r a c e  d i f f e r e n c e  i n  p e r f o r m a n c e s .
53P o n t h i e u x  and  B a r k e r  i d e n t i f i e d  s t a t i s t i c a l l y  s i g n i f i c a n t  
r e l a t i o n s h i p s  b e t w e e n  r a c e  and  t h e  m e a s u r e s  o f  p h y s i c a l  f i t n e s s  
i n c l u d e d  i n  t h e  AAHPER Youth  F i t n e s s  T e s t .  S u b j e c t s  f o r  t h e  s t u d y  
w e r e  f i f t h  and s i x t h  g r a d e  boys  and g i r l s .  The p u r p o s e  o f  t h e i r  
s t u d y  was t o  e x t e n d  t h e  s t u d y  o f  p o s s i b l e  r e l a t i o n s h i p s  o f  r a c e  t o  
m o to r  a b i l i t i e s  and p h y s i c a l  f i t n e s s  b y  m aking  o b s e r v a t i o n s  b a s e d  on 
a  b a l a n c e d  a r r a y  o f  f i t n e s s  m e a s u r e s .  I n  g e n e r a l ,  r a c i a l  d i f f e r e n c e s  
i n  p h y s i c a l  f i t n e s s  f a v o r e d  Negro s u b j e c t s ,  e s p e c i a l l y  among t h e  male  
s u b j e c t s .  The Negro m a l e s  s t u d i e d  e x c e e d e d  t h e  w h i t e  m a le s  s i g n i f i ­
c a n t l y  i n  t h e  f o l l o w i n g  f i v e  c o m pone n t s  o f  t h e  f i t n e s s  b a t t e r y :  
p u l l - u p s ,  s t a n d i n g  b road  jump, f i f t y - y a r d  d a s h ,  s o f t b a l l  t h r o w ,  and  
600 y a r d  r u n - w a l k .  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  p e r f o r m a n c e  
by  t h e  m a l e s  i n  s i t - u p s  and  f o r t y - y a r d  s h u t t l e  r u n .  The b l a c k  g i r l s  
s u r p a s s e d  t h e  w h i t e  g i r l s  s i g n i f i c a n t l y  on t h e  f o u r  m e a s u r e s  o f  f o r t y -  
y a r d  s h u t t l e  r u n ,  f i f t y - y a r d  d a s h ,  s o f t b a l l  t h r o w ,  and  600 y a r d
N. A. P o n t h i e u x  and  D, G. B a r k e r ,  " R e l a t i o n s h i p s  Be tween  
Race and P h y s i c a l  F i t n e s s , "  The R e s e a r c h  Q u a r t e r l y , 3 6 : 4  (Decem ber,  
1 9 6 5 ) ,  p p .  4 6 8 - 4 7 2 .
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r u n - w a l k .  W h i t e  g i r l s  e x c e e d e d  t h e  b l a c k s  on p u l l - u p s  and s i t - u p s .  
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  on t h e  s t a n d i n g  b r o a d  jump among 
t h e  g i r l s .
54I n  a s i m i l a r  s t u d y ,  B a r k e r  and  P o n t h i e u x  a t t e m p t e d  t o  
i d e n t i f y  s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p s  b e tw e e n  r a c e  and  t h e  
m e a s u r e s  o f  p h y s i c a l  f i t n e s s  a s  m e a s u r e d  by  t h e  AAHPER You th  F i t n e s s  
T e s t .  S o c i o e c o n o m ic  s t a t u s  was c o n t r o l l e d ,  p a r t i a l l e d  o u t ,  o r  h e l d  
c o n s t a n t .  S u b j e c t s  f o r  t h e  s t u d y  w e r e  633 f i f t h  and s i x t h  g r a d e  
b l a c k  and  w h i t e  s t u d e n t s  o f  b o t h  s e x e s .  The a u t h o r s  fo u n d  t h a t  r a c i a l  
d i f f e r e n c e s  i n  p h y s i c a l  f i t n e s s  f a v o r e d  t h e  b l a c k  s u b j e c t s  t o  a 
g r e a t e r  e x t e n t  a f t e r  p a r t i a l l i n g  o u t  t h e  s o c i o e c o n o m i c  v a r i a b l e  t h a n  
i n  t h e i r  p r e v i o u s  s t u d y .  B l a c k  m a l e s  e x c e e d e d  w h i t e  m a l e s  s i g n i f i ­
c a n t l y  i n  s i x  o f  t h e  s e v e n  f i t n e s s  m e a s u r e s ,  S i t - u p s  was t h e  o n l y  
t e s t  i n  w h i c h  t h e  b l a c k  s u b j e c t s  d i d  n o t  p e r f o r m  s i g n i f i c a n t l y  b e t t e r  
t h a n  t h e  w h i t e  s u b j e c t s .  B l a c k  f e m a l e s  s u r p a s s e d  t h e i r  w h i t e  c o u n t e r ­
p a r t s  s i g n i f i c a n t l y  on f i v e  o f  t h e  s e v e n  f i t n e s s  m e a s u r e s .  I n  t h e  
p u l l - u p  t e s t s ,  w h i t e  g i r l s  p e r f o r m e d  s i g n i f i c a n t l y  b e t t e r  t h a n  b l a c k  
g i r l s .  Thus ,  B a r k e r  and  P o n t h i e u x  c o n c l u d e d  t h a t  o b s e r v e d  d i f f e r e n c e s  
i n  t h e  t e s t s  f o r  p h y s i c a l  f i t n e s s  c o u l d  n o t  be  a t t r i b u t e d  t o  t h e  
v a r i a b l e  o f  s o c i o e c o n o m i c  s t a t u s .
D. G. B a r k e r  and  N. A. P o n t h i e u x ,  " P a r t i a l  R e l a t i o n s h i p  
Be tween Race and F i t n e s s  w i t h  S o c i o e c o n o m ic  S t a t u s  C o n t r o l l e d , "  The 
R e s e a r c h  Q u a r t e r l y , 3 9 : 3  ( O c t o b e r ,  1 9 6 3 ) ,  pp .  7 7 3 -775 .
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55I n  a n o t h e r  p h y s i c a l  f i t n e s s  s t u d y ,  B e r g e r  and  P a r a d i s  
u n d e r t o o k  t o  d e t e r m i n e  w h e t h e r  t h e r e  was a  d i f f e r e n c e  among b l a c k  
male  and  w h i t e  male  c h i l d r e n  o f  e q u a l  s o c i o e c o n o m i c  l e v e l .  S e v e n t h  
g r a d e r s ,  t w e l v e  t o  f i f t e e n  y e a r s  o f  a g e ,  w e r e  t e s t e d  f o r  p h y s i c a l  
f i t n e s s  by e m p l o y i n g  t h e  AAHPER You th  F i t n e s s  T e s t .  A l s o  d a t a  w e r e  
c o l l e c t e d  f o r  a g e ,  h e i g h t ,  w e i g h t ,  and  s o c i o e c o n o m i c  l e v e l  o f  e a c h  
s u b j e c t .  F i n d i n g s  i n c l u d e d :  (1 )  t h e r e  w e r e  no s i g n i f i c a n t  d i f f e r e n c e s
b e t w e e n  t h e  g r o u p s  i n  a g e ,  h e i g h t ,  w e i g h t ,  and s o c i o e c o n o m i c  l e v e l ;  
and  (2 )  a s i g n i f i c a n t l y  b e t t e r  p e r f o r m a n c e  o f  b l a c k  o v e r  w h i t e  
s u b j e c t s  on  t h e  s h u t t l e  r u n ,  f i f t y - y a r d  d a s h ,  600 y a r d  r u n ,  and  
c o m p o s i t e  f i t n e s s  s c o r e .  B e r g e r  and  P a r a d i s  c o n c l u d e d  t h a t  b l a c k  male  
s t u d e n t s  i n  c o m p a r a b l e  s o c i o e c o n o m i c  l e v e l  t o  t h a t  o f  w h i t e  s t u d e n t s  
h a v e  a  h i g h e r  l e v e l  o f  p h y s i c a l  f i t n e s s .
c £.
Browne s t u d i e d  t h e  p a t e l l a r  t e n d o n  r e f l e x  t i m e  o f  e i g h t y -  
two w h i t e  and  e i g h t y - o n e  b l a c k  s u b j e c t s .  The r e s e a r c h e r s  found  t h a t  
t h e  mean p a t e l l a r  t e n d o n  r e f l e x  t im e  f o r  t h e  b l a c k  g r o u p  was s i g n i f i ­
c a n t l y  s h o r t e r  t h a n  t h a t  o f  t h e  w h i t e  g r o u p .
I n  a  c o m p a r a t i v e  s t u d y ,  l l u t i n g e r  ^ i n v e s t i g a t e d  t h e  d i f f e r e n c e  
i n  s p e e d  b e t w e e n  A m e r i c a n  b l a c k  c h i l d r e n  and  w h i t e  c h i l d r e n  as
-’-’R i c h a r d  A. B e r g e r  and  R o b e r t  L .  P a r a d i s ,  " C o m p ar i so n  o f  
P h y s i c a l  F i t n e s s  S c o r e s  o f  W hi te  and B l a c k  S e v e n t h  Grade  Boys and 
S i m i l a r  S o c i o e c o n o m i c  L e v e l , "  The R e s e a r c h  Q u a r t e r l y , 4 0 : 4  (December,  
1 9 6 9 ) ,  pp .  6 6 6 - 6 6 9 .
-*^R. L .  B rowne ,  "A C o m p a r i s o n  o f  t h e  P a t e l l a r  Tendon R e f l e x  
Time o f  W h i t e s  and  N e g r o e s , "  R e s e a r c h  Q u a r t e r l y , 6 : 2  (May, 1 9 3 5 ) ,
pp .  1 2 1 - 1 2 6 .
- ^ P a u l  W. H u t i n g e r ,  " D i f f e r e n c e s  i n  Speed  B e tw een  A m e r ic an  
Negro  and  W h i t e  C h i l d r e n  i n  P e r f o r m a n c e  o f  t h e  3 5 - Y a rd  D a s h , "
R e s e a r c h  Q u a r t e r l y , 3 0 : 3  ( O c t o b e r ,  1 9 5 9 ) ,  p p .  3 6 6 - 3 6 8 .
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E a r l y  s t u d i e s  o f  b l a c k s  and  w h i t e s  w ere  l i m i t e d  t o  
a n t h r o p o m e t r i c  c o m p a r i s o n s .  H e r s k o v i t s ,  M e theny ,  and T a n n e r  a l l  
found  s i g n i f i c a n t  d i f f e r e n c e s  w h ic h  o f f e r e d  t h e  b l a c k  a t h l e t e  a 
k i n e s i o l o g i c a l  a d v a n t a g e  i n  c e r t a i n  s p o r t s .  D e L a n e u v i l l e  f o u n d  
s i g n i f i c a n t  a n t h r o p o m e t r i c a l  d i f f e r e n c e s ,  b u t  found  t h a t  w h i t e  
c h i l d r e n  p e r f o r m e d  s i g n i f i c a n t l y  b e t t e r  on v a r i o u s  t e s t s  o f  power .  
Goldby  e m p h a s i z e d  t h a t  body  s h a p e s  and s i z e s  may i n d e e d  s u i t  a 
p a r t i c u l a r  g r o u p  f o r  one t y p e  o f  b e h a v i o r .  Wyndham and o t h e r s  found  
t h a t  b l a c k s  had g r e a t e r  m e c h a n i c a l  e f f i c i e n c y  due  t o  a n t h r o p o m e t r i c  
d i f f e r e n c e s .  Metheny and  Damon found  t h a t  b l a c k  s u b j e c t s  had a  lo w e r  
l u n g  c a p a c i t y  w h i c h  was a d i s a d v a n t a g e  i n  e n d u r a n c e  t y p e  a c t i v i t i e s .  
Kane c i t e d  num erous  s t u d i e s  w h i c h  w e r e  i n  a g r e e m e n t  w i t h  e a r l y  
a n t h r o p o m e t r i c  r e s e a r c h e r s .  C o u n s i lm a n  e x p r e s s e d  a v iew  t h a t  b l a c k s  
p o s s e s s e d  a g r e a t e r  c o n c e n t r a t i o n  o f  w h i t e  m u s c l e  f i b e r s  w h i c h  a r e  
i m p o r t a n t  i n  power  e f f o r t s .  R i c h a r d s '  v i e w  was t h a t  b l a c k s  a r e  
s p r i n t  o r i e n t e d  and  t h a t  b l a c k  y o u n g s t e r s  h a v e  n o t  a c c e p t e d  t h e  
r e a l i t y  o f  h a r d  work n e c e s s a r y  f o r  s u c c e s s  i n  d i s t a n c e  r u n n i n g .  Cobb 
m a i n t a i n e d  t h a t  n o t h i n g  h a s  b e e n  fo u n d  t o  s u b s t a n t i a t e  t h e  b l a c k  
s u p e r i o r i t y  a r g u m e n t .  J o k l  p o i n t e d  o u t  t h a t  b l a c k s  had  an  i n n a t e  
c a p a c i t y ,  n o t  i n n a t e  a b i l i t y ,  f o r  a t h l e t i c  e x c e l l e n c e .
The m a j o r i t y  o f  t h e  p e r f o r m a n c e  s t u d i e s  found  b l a c k s  s u p e r i o r  
i n  a l m o s t  a l l  t y p e s  o f  p e r f o r m a n c e .  However ,  e a c h  a c t i v i t y  i n c l u d e d  
i n  t h e  f i t n e s s  m e a s u r e m e n t s  s t u d i e s  c a l l e d  f o r  o f  h a n d s  a n d / o r  f e e t .
E n d u r a n c e  a c t i v i t i e s  d i d  n o t  seem t o  b e  i n c l u d e d .  I t  s h o u l d  b e  
p o i n t e d  o u t  t h a t  t h e  600 y a r d  r u n - w a l k  i s  n o t  c o n s i d e r e d  an e n d u r a n c e  
a c t i v i t y ,  a s  t h e  e m p h a s i s  i s  on s p e e d .  T h r e e  s t u d i e s  d e a l t  w i t h  
m e a s u r e m e n t  o f  f i t n e s s  b e t w e e n  b l a c k  and  w h i t e  c h i l d r e n .  As p o i n t e d  
o u t ,  b l a c k s  p e r f o r m e d  s i g n i f i c a n t l y  b e t t e r  on a l m o s t  a l l  t e s t s .  I n  
a r e f l e x  s t u d y ,  Browne fo u n d  b l a c k s '  r e f l e x  t im e  s i g n i f i c a n t l y  
s h o r t e r  t h a n  t h a t  o f  w h i t e s .  H u t i n g e r ' s  f i n d i n g s  were  t h a t  b l a c k  
c h i l d r e n  w e r e  f a s t e r  t h a n  w h i t e  c h i l d r e n  on t h e  f o u r t h ,  f i f t h ,  and 
s i x t h  g r a d e  l e v e l s .  Jo lcl  r e p o r t e d  t h a t  b l a c k s  had  a  h i g h e r  s t a n d a r d  
o f  p h y s i c a l  f i t n e s s  t h a n  o t h e r  r a c e s  s t u d i e d .
Chapter 3
PROCEDURE 
OVERVIEW OF THE STUDY
T h i s  s t u d y  was c o n d u c t e d  a t  Lamar U n i v e r s i t y ,  Beaum ont ,
T e x a s ,  d u r i n g  t h e  F a l l  s e m e s t e r  o f  1975.  The s u b j e c t s  were  l i m i t e d  
t o  f o r t y  m ale  s t u d e n t s  r a n g i n g  i n  a g e  f rom  s e v e n t e e n  to  t w e n t y - s e v e n  
y e a r s .  Group I  was made up o f  t w e n ty  w h i t e  m ale s  w h i l e  Group I I  
c o n s i s t e d  o f  t w e n ty  b l a c k  m a l e s .  C o m p a r i s o n s  were  made on t h e  
f o l l o w i n g  f a c t o r s :  (1 )  p e r c e i v e d  e x e r t i o n  u n d e r  c o n d i t i o n s  o f
e n d u r a n c e ,  (2)  p e r c e i v e d  e x e r t i o n  f o l l o w i n g  e x p l o s i v e  e f f o r t s ,  (3 )  
p r e d i c t e d  a e r o b i c  c a p a c i t y  (Max VO2 ) , and  (4 )  a n a e r o b i c  c a p a c i t y .
A e r o b i c  c a p a c i t y  was m e a s u r e d  b y  a submax imal  t e s t  f o r
p r e d i c t i n g  max imal  o x y g e n  u p t a k e .  The A s t r a n d - R h y m in g  t e s t  was u s e d
1  9a s  o u t l i n e d  by  d e V r i e s .  The M a r g a r i a - K a l a m e n  Power T e s t  was
u t i l i z e d  t o  m e a s u r e  a n a e r o b i c  c a p a c i t y .  P e r c e i v e d  e x e r t i o n  was
o b t a i n e d  by e m p l o y in g  t h e  Borg  S c a l e  w h i l e  s u b j e c t s  p e r f o r m e d
d e s i g n a t e d  work b o u t s  on a  Monark b i c y c l e  e r g o m e t e r .  S u b j e c t s  were
^■Herbert A. d e V r i e s ,  L a b o r a t o r y  E x p e r i m e n t s  i n  P h y s i o l o g y  o f  
E x e r c i s e  (Dubuque ,  Iowa:  Wm. C. Brown C o . ,  1 9 7 3 ) ,  pp .  8 9 - 9 1 .
2
Donald  K. Mathews,  M e asu re m e n ts  i n  P h y s i c a l  E d u c a t i o n  ( 4 t h  
e d . ,  P h i l a d e l p h i a :  W. B. S a u n d e r s  C o . ,  1 9 7 3 ) ,  pp .  1 4 9 - 1 5 0 .
3
Gunnar  A. V. B o r g ,  " P e r c e i v e d  E x e r t i o n :  A Note  on ' H i s t o r y '
and  M e t h o d s , "  M e d ic i n e  and  S c i e n c e  i n  S p o r t s . 5 : 2  (Summer, 19 7 3 ) ,  
pp .  9 0 - 9 2 .
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t e s t e d  on o n l y  one  f a c t o r  p e r  da y  on a  c o u n t e r b a l a n c e d  b a s i s .  The 
s u b j e c t s  w e r e  i n s t r u c t e d  n o t  t o  p a r t i c i p a t e  i n  v i g o r o u s  e x e r c i s e ,  
e a t ,  smoke,  o r  d r i n k  a l c o h o l i c  b e v e r a g e s  f o r  a t  l e a s t  two h o u r s  p r i o r  
t o  t e s t i n g .
A f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  was u t i l i z e d  i n  t r e a t i n g  t h e  
d a t a  t o  d e t e r m i n e  i f  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  b e t w e e n  w h i t e  . 
and b l a c k  s u b j e c t s  i n  e a c h  o f  t h e  f o u r  v a r i a b l e s  s t u d i e d .  I n t e r ­
c o r r e l a t i o n s  w e r e  computed  on p r e d i c t e d  maximal  oxygen  c o n s u m p t i o n  
(Max VO2 ) , a n a e r o b i c  c a p a c i t y  ( p o w e r ) ,  and  t h e  p e r s o n a l  f a c t o r s  o f  
a g e ,  h e i g h t ,  and  w e i g h t .
SELECTION OF SUBJECTS
S u b j e c t s  f o r  t h i s  s t u d y  w e re  t w e n t y  w h i t e  m a le s  and  t w e n t y  
b l a c k  m ales  who w e r e  e n r o l l e d  i n  v a r i o u s  s e r v i c e  c o u r s e s  i n  t h e  
H e a l t h  and P h y s i c a l  E d u c a t i o n  D e p a r tm e n t  a t  Lamar U n i v e r s i t y ,  
Beaumont ,  T e x a s ,  d u r i n g  t h e  F a l l  s e m e s t e r  o f  1975.  The f o r t y  
s t u d e n t  v o l u n t e e r s  w e r e  d i v i d e d  i n t o  two g r o u p s ,  one  w h i t e  g ro u p  and  
one  b l a c k  g r o u p .  A l l  s u b j e c t s  w e r e  s u b j e c t i v e l y  c h o s e n  i n  an  a t t e m p t  
t o  h a v e  t h e  s u b j e c t s  a s  p h y s i c a l l y  homogeneous a s  p o s s i b l e .  The 
v o l u n t e e r  s u b j e c t s  w e re  a s k e d  t o  a t t e s t  t o  t h e i r  g e n e r a l  s t a t e  o f  
h e a l t h  by  s i g n i n g  a S u b j e c t  R e l e a s e  Form (Appendix  A).
TESTING AND TRAINING EQUIPMENT
Monark B i c y c l e  E r g o m e t e r ,  Model 850
The s t a t i o n a r y  b i c y c l e ' s  f r o n t  w h e e l  was c a u s e d  to  r o t a t e  by  
t h e  s u b j e c t ' s  p e d a l i n g .  The r e s i s t a n c e  a g a i n s t  w h i c h  t h e  s u b j e c t
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p e d a l e d  was p r o d u c e d  by  a  n y l o n  f r i c t i o n a l  b a n d .  By a d j u s t i n g  t h e  
t e n s i o n  o f  t h e  b r a k e  b a n d ,  t h e  work  l o a d  c o u l d  be  q u i c k l y  and  e a s i l y  
a d j u s t e d .  The amount  o f  work p e r f o r m e d  was c a l c u l a t e d  f rom  a s c a l e  
r e a d i n g  w h ic h  p r o v i d e d  t h e  f r i c t i o n a l  r e s i s t a n c e ,  and  f ro m  a  c o u n t e r  
t h a t  r e c o r d e d  t h e  number o f  t i m e s  t h e  w h e e l  t u r n e d .  Work l o a d  was 
t h e  p r o d u c t  o f  t h e  n e t  f o r c e  t i m e s  t h e  d i s t a n c e  t r a v e l e d  p e r  u n i t  o f  
t im e  o r  k i l o g r a m s  p e r  m in u t e  (kgm/min)  . ( F i g u r e s  1 and 2 ) .
S t o p w a t c h
A s t a n d a r d  Olympia  s t o p w a t c h ,  r e a d i n g  t o  0 . 1  s e c o n d s  was u s e d  
t o  t im e  a l l  w o rk  i n t e r v a l  p e r i o d s .
B i o t a c h o m e t e r  BT-1200
A N a rc o  B i o - S y s t e m s  B i o t a c h o m e t e r  BT-1200 w i t h  a D i g i t a l  
D i s p l a y  DD-350 ( F i g u r e s  3 and 4)  was employed  i n  a l l  t e s t i n g  r e q u i r i n g  
h e a r t  r a t e  i n f o r m a t i o n .  The BT-1200 B i o t a c h o m e t e r  was a  s e l f -  
c o n t a i n e d ,  l i n e  p o w e r e d ,  s o l i d  s t a t e  d e v i c e  d e s i g n e d  f o r  t h e  a c c u r a t e  
m e a s u r e m e n t  o f  h e a r t  r a t e .  T h r e e  body s u r f a c e  e l e c t r o d e s  and  a 
s h i e l d e d  i n p u t  c a b l e  ( F i g u r e  4)  w e r e  u s e d  i n  c o n j u n c t i o n  w i t h  t h e  
B i o t a c h o m e t e r . ^
DeKan A u t o m a t i c  P e r f o r m a n c e  A n a l y z e r
A DeKan A u t o m a t i c  P e r f o r m a n c e  A n a l y z e r ,  Model  6 3 1 ,  w i t h  two 
s w i t c h m a t s  was u s e d  i n  t h e  M a r g a r i a - K a l a m e n  Power T e s t  w h i c h  was
Narco  B i o - S y s t e m s ,  I n c . ,  C a t a l o g  No. 574 ( H o u s t o n ,  Texas 
7 7 0 1 7 ) ,  p . 105 .
F i g u r e  1 
Monark B i c y c l e  E r g o m e t e r
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F i g u r e  2
S p e e d o m e t e r  and  T e n s i o n  S e t t i n g  I n s t r u m e n t a t i o n  on 
Monark B i c y c l e  E r g o m e t e r
F i g u r e  3 
BT-1200 B i o t a c h o m e t e r
F i g u r e  4
T h r e e  Lead S i l v e r  E l e c t r o d e s  and 
S h i e l d e d  I n p u t  C a b le
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employed  i n  t h e  m e a s u r e m e n t  o f  a n a e r o b i c  c a p a c i t y .  The t i m i n g  o f  
t h e  p e r f o r m a n c e  a n a l y z e r  was i n  l / 1 0 0 t h s  o f  a  s e c o n d .  ( F i g u r e  5)
Metronome
An e l e c t r i c  met ronome was u s e d  t o  s e t  t h e  c a d e n c e  f o r  
p e d a l i n g  t h e  b i c y c l e  e r g o m e t e r .
TESTING PROCEDURE
G e n e r a l  P r o c e d u r e
Each  s u b j e c t ' s  h e a r t  r a t e  was m o n i t o r e d  t h r o u g h o u t  t h e  
f o l l o w i n g  t h r e e  t e s t s :  ( 1 ) p e r c e i v e d  e x e r t i o n  u n d e r  e n d u r a n c e
c o n d i t i o n s ,  ( 2 ) p e r c e i v e d  e x e r t i o n  f o l l o w i n g  e x p l o s i v e  e f f o r t s ,  and 
(3 )  a n e r o b i c  c a p a c i t y  a s  p r e d i c t e d  by  t h e  A s t r a n d - R h y m in g  m e t h o d .^
A Monark b i c y c l e  e r g o m e t e r  ( F i g u r e  1) was em ployed  t o  r e g u l a t e  t h e  
d e s i g n a t e d  work l o a d s .  Each  s u b j e c t  had t h r e e  s i l v e r  d i s c  s u r f a c e  
e l e c t r o d e s  a t t a c h e d  a s  f o l l o w s :  one  was a t t a c h e d  t o  t h e  s u b j e c t ’ s
s t e r n u m  j u s t  l e f t  o f  t h e  b o d y  m i d l i n e  and  a p p r o x i m a t e l y  e v e n  w i t h  
t h e  t h i r d  r i b ;  t h e  s e c o n d  e l e c t r o d e  was a t t a c h e d  t o  t h e  s u r f a c e  o f  
t h e  s k i n  c o v e r i n g  t h e  i n f e r i o r  b o r d e r  o f  t h e  t h i r d  r i b  j u s t  u n d e r  
t h e  l e f t  arm;  and  t h e  t h i r d  e l e c t r o d e  was a t t a c h e d  to  t h e  s k i n  be lo w  
t h e  f i f t h  r i b  and  a p p r o x i m a t e l y  f i v e  i n c h e s  t o  t h e  l e f t  o f  t h e  mid ­
l i n e  o f  t h e  bo d y .  Narco  B i o - S y s t e m s  s u r f a c e  e l e c t r o d e s  w e r e  a p p l i e d  
t o  t h e  s u b j e c t s  w i t h  d o u b l e - s i d e d  a d h e s i v e  w a s h e r s ,  w i t h  a c o n d u c t i v e  
e l e c t r o d e  c re a m  e n s u r i n g  e l e c t r i c  c o n t a c t  b e tw e e n  t h e  r e c e s s e d  s i l v e r
d e V r i e s ,  l o c .  c i t .
F i g u r e  5
DeKan P e r f o r m a n c e  A n a l y z e r  and  S w i t c h m a t s  U t i l i z e d  
i n  C o l l e c t i n g  A n a e r o b i c  C a p a c i t y  (Power)
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d i s c  and t h e  body  s u r f a c e .  P r i o r  t o  a p p l i c a t i o n  t h e  s u b j e c t ' s  s k i n  
was t h o r o u g h l y  c l e a n e d  w i t h  soa p  and  w a t e r  and t h e n  s c r u b b e d  l i g h t l y  
w i t h  a c l o t h  s o a k e d  i n  r u b b i n g  a l c o h o l .  E x c e s s i v e  body  h a i r  a r o u n d  
t h e  c h e s t  a r e a  t h a t  c o u l d  i n t e r f e r e  w i t h  e l e c t r o d e  a t t a c h m e n t  was 
s h a v e d  w i t h  a s a f e t y  r a z o r  by  t h e  t e s t  a d m i n i s t r a t o r .  ( F i g u r e  6 )
A f t e r  t h e  e l e c t r o d e s  w e r e  p l u g g e d  i n t o  t h e  Narco  B i o t a c h o m e t e r  BT-
1 2 0 0 , an  i n s t a n t  h e a r t  r a t e  i n  b e a t s  p e r  m i n u t e  was o b t a i n e d  f rom 
t h e  D i g i t a l  D i s p l a y  DD-350.
P e r c e i v e d  E x e r t i o n  Under  C o n d i t i o n s  o f  E n d u r a n c e
B o r g ' s  S c a l e  f o r  r a t i n g s  o f  p e r c e i v e d  e x e r t i o n  (RPE)^ was 
employed i n  t h e  t e s t i n g  f o r  p e r c e i v e d  e x e r t i o n  u n d e r  c o n d i t i o n s  o f  
e n d u r a n c e .  E l e c t r o d e s  f rom  a Narco  B i o t a c h o m e t e r  w e re  a t t a c h e d  t o  
e a c h  s u b j e c t  ( F i g u r e  6 ) so  t h a t  h e a r t  r a t e  c o u l d  be  m o n i t o r e d  
t h r o u g h o u t  t h e  t e s t .  Each  s u b j e c t  b e g a n  e x e r c i s i n g  on a  Monark 
b i c y c l e  e r g o m e t e r  a t  50 r e v o l u t i o n s  p e r  m i n u t e  u s i n g  an  e l e c t r i c  
met ronome t o  s e t  t h e  c a d e n c e .  I n i t i a l l y ,  a work l o a d  o f  300 kgm/min 
was s e t  on t h e  b i c y c l e  e r g o m e t e r .  The w ork  l o a d  was i n c r e a s e d  by
300 kgm/min e a c h  one m i n u t e  t h e r e a f t e r  u n t i l  t h e  s u b j e c t s  r e a c h e d
t h e  1500 kgm/min work  l e v e l .  Work l o a d s  employed w e r e  3 0 0 ,  6 0 0 ,  900 ,  
1200 ,  and 1500 kgm/min .  ( f o r  i n d i v i d u a l  s c o r e s ,  r e f e r  t o  A p p e n d i x e s  
B and C) D u r i n g  t h e  l a s t  t e n  s e c o n d s  o f  e a c h  one m i n u t e  work  b o u t ,  
t h e  s u b j e c t  was a s k e d  t o  s u b j e c t i v e l y  r a t e  t h e  amount  o f  e x e r t i o n  
p e r c e i v e d  by  p o i n t i n g  t o  t h e  number on t h e  Borg  S c a l e  w h i c h
6
B o rg ,  l o c .  c i t .
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F i g u r e  6
P o s i t i o n  o f  E l e c t r o d e s  A t t a c h m e n t
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c o r r e s p o n d e d  w i t h  t h e  amount  o f  e x e r t i o n  h e  was e x p e r i e n c i n g .  The 
RPE number p o i n t e d  t o  by  e a c h  s u b j e c t  a t  e a c h  o f  t h e  f i v e  work  l o a d s  
was r e c o r d e d .  At  t h e  e x a c t  end  o f  e a c h  one  m i n u t e  w ork  p e r i o d ,  
s u b j e c t ' s  h e a r t  r a t e  was o b s e r v e d  on t h e  B io  t a c h o m e t e r  D i g i t a l  
D i s p l a y  and r e c o r d e d  by t h e  t e s t  a d m i n i s t r a t o r  on  a  d a t a  c o l l e c t i o n
fo rm.
The s u b j e c t s  w e re  g i v e n  d e t a i l e d  i n s t r u c t i o n s  w h i c h  w e r e  r e a d
f rom a t y p e d  m a n u s c r i p t .  The i n s t r u c t i o n s  w e r e  t h e  same a s  t h o s e  
u s e d  by  Noble and o t h e r s ^  and  w e r e  a s  f o l l o w s :
You ( a r e  l o o k i n g )  a t  a s c a l e  w h i c h  c o n t a i n s  numbers  f rom 
6  t o  20.  We u s e  t h i s  s c a l e  so  t h a t  you may t r a n s l a t e  i n t o  
num bers  y o u r  f e e l i n g s  o f  e x e r t i o n  w h i l e  e x e r c i s i n g .  The 
r a n g e  o f  numbers  s h o u l d  r e p r e s e n t  a  r a n g e  o f  f e e l i n g s  from 
"no e x e r t i o n  a t  a l l "  (number 6 ) t o  "Maximal  e x e r t i o n "  (number 
2 0 ) .  I n  o r d e r  t o  h e l p  you s e l e c t  a number  w h i c h  c o r r e s p o n d s  
t o  y o u r  s u b j e c t i v e  f e e l i n g s ,  e v e r y  number h a s  an  a t t a c h e d  
v e r b a l  e x p r e s s i o n  ( f o r  e x a m p l e ,  7 i s  a s s o c i a t e d  w i t h  f e e l i n g s  
o f  V e r y ,  Very L i g h t  e x e r t i o n  w h i l e  19 i s  a s s o c i a t e d  w i t h  
f e e l i n g s  o f  V e ry ,  Very  Hard  e x e r t i o n ) . Your g o a l  i s  t o  r a t e  
y o u r  f e e l i n g s  w h ic h  a r e  c a u s e d  by  t h e  w ork  and  n o t  t h e  work  
i t s e l f .  These  f e e l i n g s  s h o u l d  be  g e n e r a l ,  t h a t  i s  a b o u t  t h e  
body  a s  a  w h o l e .  We w i l l  n o t  a s k  you t o  s p e c i f y  t h e  f e e l i n g  
b u t  t o  s e l e c t  a number w h ic h  most  a c c u r a t e l y  c o r r e s p o n d s  t o  
y o u r  p e r c e p t i o n  o f  y o u r  t o t a l  b o d y  f e e l i n g .  Keep i n  mind t h a t  
t h e r e  a r e  no r i g h t  and  w rong  n u m b e r s .  Use a ny  number  you t h i n k  
i s  a p p r o p r i a t e .
Q u e s t i o n s  r e l a t i n g  t o  t h e  m e c h a n ic s  o f  t h e  r a t i n g  p r o c e d u r e  w e re  
a n s w e r e d ,  b u t  no a t t e m p t  was made s u g g e s t i n g  a  t r a n s l a t i o n  o f  
" f e e l i n g s "  i n t o  p e r c e p t u a l  r a t i n g s .  ( F i g u r e  7)
B r u c e  J .  Nob le  and o t h e r s ,  " P e r c e i v e d  E x e r t i o n  D u r i n g  
W a lk in g  and  Running  - -  I I , "  M e d ic i n e  and  S c i e n c e  i n  S p o r t s , 5 : 2  
(Summer, 1 9 7 3 ) ,  pp.  1 1 6 - 1 2 0 .
F i g u r e  7
Borg S c a l e  U t i l i z e d  i n  S u b j e c t s '  
o f  P e r c e i v e d  E x e r t i o n
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P e r c e i v e d  E x e r t i o n  F o l l o w i n g  E x p l o s i v e  E f f o r t s
T e s t i n g  p r o c e d u r e s  f o r  p e r c e i v e d  e x e r t i o n  f o l l o w i n g  e x p l o s i v e  
e f f o r t s  w e r e  s i m i l a r  t o  t h o s e  employed  i n  t e s t i n g  f o r  p e r c e i v e d  
e x e r t i o n  u n d e r  c o n d i t i o n s  o f  e n d u r a n c e  i n s o f a r  a s  i n s t r u c t i o n s  and  
i n s t r u m e n t a t i o n  were  c o n c e r n e d .  The s u b j e c t s  w e r e  f i r s t  i n s t r u c t e d  
t o  p e d a l  a b i c y c l e  e r g o m e t e r  a t  t h e  r a t e  o f  50 r e v o l u t i o n s  p e r  
m i n u t e  u n t i l  t h e i r  r e s p e c t i v e  h e a r t  r a t e s  r e a c h e d  t h e  125 bpm l e v e l .  
The r e s i s t a n c e  on t h e  b i c y c l e  e r g o m e t e r  was s e t  a t  " 3 "  w h ic h  was 
900 kgm/min p e d a l i n g  a t  50 r e v o l u t i o n s  p e r  m i n u t e .  H ow ever ,  p e d a l i n g  
s p e e d  an d  r e s i s t a n c e  w e r e  s e l e c t e d  so  t h a t  s u b j e c t s  wou ld  a t t a i n  t h e  
maximal  h e a r t  r a t e  o f  170 bpm i n  t h e  t im e  o f  f o r t y  t o  f i f t y  s e c o n d s  
( an  a n a e r o b i c  e f f o r t ) .  Once t h e  s u b j e c t s  r e a c h e d  t h e  125 bpm l e v e l ,  
t h e y  w e re  t h e n  i n s t r u c t e d  t o  p e d a l  a t  a  r a t e  o f  150 r e v o l u t i o n s  p e r  
m in u t e  (36 m i l e s  p e r  h o u r  on t h e  s p e e d o m e t e r ,  F i g u r e  2 ) .  S u b j e c t s  
w e r e  t h e n  a s k e d  t o  r a t e  t h e i r  p e r c e i v e d  e x e r t i o n  a t  h e a r t  r a t e  l e v e l s  
140 ,  150 ,  160 ,  and  170 bpm by  p o i n t i n g  t o  a  number on t h e  Borg  S c a l e  
t h a t  r e p r e s e n t e d  t h e i r  s u b j e c t i v e  e v a l u a t i o n  o f  t h e i r  e x e r t i o n .  
S u b j e c t s  c o u l d  n o t  s e e  t h e  B i o t a c h o m e t e r  w h i l e  p e d a l i n g  t h e  b i c y c l e  
e r g o m e t e r .  At  e a c h  o f  t h e  f o u r  d e s i g n a t e d  h e a r t  r a t e  l e v e l s  t h e  t e s t  
a d m i n i s t r a t o r  a s k e d  t h e  s u b j e c t s  t o  p o i n t  t o  t h e  number  on t h e  B o rg  
S c a l e  t h a t  r e p r e s e n t e d  t h e i r  RPE. The r a t i n g  was t h e n  r e c o r d e d  on 
t h e  a p p r o p r i a t e  d a t a  c o l l e c t i o n  fo rm  f o r  e a c h  s u b j e c t .  ( A ppe nd ixe s  
D and E) The i n s t r u c t i o n s  f o r  t h e  u s e  o f  t h e  B org  S c a l e  w e re
i d e n t i c a l  t o  t h o s e  u s e d  i n  t e s t i n g  f o r  p e r c e i v e d  e x e r t i o n  u n d e r  
e n d u r a n c e  c o n d i t i o n s .  H e a r t  r a t e s  w e r e  m o n i t o r e d  by t h e  N a rc o  B i o ­
t a c h o m e t e r  B T -1200 .  ( F i g u r e s  6  and  8 )
F i g u r e  8
P e r f o r m a n c e  o f  Work Bou t s  and  t h e  R e c o r d i n g  
o f  RPE an d  H e a r t  R a t e  D a ta
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A e r o b i c  C a p a c i t y
The t e s t  f o r  a e r o b i c  c a p a c i t y  c o n s i s t e d  o f  t h e  p r e d i c t e d  
maximal  oxygen  c o n s u m p t i o n  b y  t h e  A s t r a n d - R h y m in g  m e thod .  S u b j e c t s  
w e re  i n s t r u c t e d  t o  p e d a l  a  b i c y c l e  e r g o m e t e r  a t  a work  l o a d  e s t i m a t e d  
t o  p r o d u c e  a h e a r t  r a t e  b e t w e e n  130 bpm and 150 bpm. An e l e c t r i c  
met ronome was s e t  a t  1 0 0  b e a t s  p e r  m i n u t e  w h ic h  e s t a b l i s h e d  t h e  
c a d e n c e  f o r  50 r e v o l u t i o n s  p e r  m i n u t e .  S u b j e c t s  w e r e  i n s t r u c t e d  t o  
p r a c t i c e  p e d a l i n g  t h e  b i c y c l e  e r g o m e t e r  u n t i l  t h e y  c o u l d  m a i n t a i n  
t h e  c a d e n c e  by  t u r n i n g  e a c h  p e d a l  o n e - h a l f  t u r n  on e a c h  b e a t  o f  t h e  
m et ronom e .  The w ork  b o u t  was s e t  f o r  s i x  m i n u t e s  w i t h  an  i n i t i a l  
work l o a d  o f  600 kgm/m in .  H e a r t  r a t e s  w e r e  o b s e r v e d  on  t h e  Narco 
B i o t a c h o m e t e r  D i g i t a l  D i s p l a y  and  r e c o r d e d  on a d a t a  c o l l e c t i o n  fo rm .  
The h e a r t  r a t e  r e c o r d e d  was t h a t  w h i c h  a p p e a r e d  on t h e  d i s p l a y  a t  
t h e  e x a c t  end  o f  e a c h  m i n u t e .  A s t o p w a t c h  was u s e d  t o  t im e  e a c h  one 
m i n u t e  i n t e r v a l .  The work  l o a d  was o b t a i n e d  by t h e  mean o f  t h e  h e a r t  
r a t e s  r e c o r d e d  a t  t h e  end  o f  t h e  f i f t h  and s i x t h  m i n u t e s  o f  t h e  work 
b o u t .  I f  t h e  d i f f e r e n c e  i n  t h e  h e a r t  r a t e  a t  t h e  f i f t h  and s i x t h  
m i n u t e  e x c e e d e d  f i v e  b e a t s  p e r  m i n u t e ,  t h e  work b o u t  was c o n t i n u e d  
u n t i l  a c o n s t a n t  l e v e l  was a t t a i n e d .  I n  a d d i t i o n ,  i f  t h e  h e a r t  r a t e  
a t  t h e  end  o f  s i x  m i n u t e s  was b e lo w  130 bpm, t h e  w ork  l o a d  was 
i n c r e a s e d  t o  900 kgm/min i n  s u c c e s s i v e  s i x  m in u t e  work  b o u t s  u n t i l  
t h e  h e a r t  r a t e  r o s e  t o  t h e  130 -  150 bpm l e v e l .  Maximal  oxygen 
u p t a k e  i n  l i t e r s  p e r  m i n u t e  was o b t a i n e d  by  u s i n g  t h e  A s t r a n d - R h y m in g  
nomogram f o r  p r e d i c t i o n  o f  maximal  o xyge n  c o n s u m p t i o n  f rom h e a r t  r a t e
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and work  l o a d  on a b i c y c l e  e r g o m e t e r .  ( F o r  s c o r e s  r e f e r  t o  
A p p e n d ix e s  F and  G)
A n a e r o b i c  C a p a c i t y
S u b j e c t s  w e r e  t e s t e d  f o r  a n a e r o b i c  c a p a c i t y  by  e m p l o y in g
9
t h e  M a r g a r i a - K a l a m e n  Power T e s t .  The s t a i r w a y  u s e d  i n  t h i s  s t u d y  
had  f i f t e e n  s t e p s  w h ic h  w e r e  6  5 / 8  i n c h e s  h i g h .  ( F i g u r e  9) A p i e c e  
o f  two i n c h  w h i t e  t a p e  was p l a c e d  s i x  m e t e r s  f rom t h e  s t a i r w a y .  A 
DeKan A u t o m a t i c  P e r f o r m a n c e  A n a l y z e r  w i t h  two s w i t c h m a t s  ( F i g u r e  5 )  
was e m ployed  i n  t h e  power  t e s t .  The s w i t c h m a t s  were  t a p e d  t o  t h e  
s t e p s  s o  t h a t  t h e  mats  w ou ld  n o t  s l i p .  Mats  w e r e  p l a c e d  on t h e  t h i r d  
and  n i n t h  s t e p s  f rom  t h e  b o t t o m  o f  t h e  s t a i r w a y .  Upon t h e  s i g n a l  
" g o ” , e a c h  s u b j e c t  was i n s t r u c t e d  to  r u n  up  t h e  s t a i r s  a s  r a p i d l y  a s  
p o s s i b l e  t a k i n g  t h r e e  s t e p s  a t  a t i m e .  Each  s u b j e c t  was e n c o u r a g e d  
t o  p u t  f o r t h  h i s  maximum e f f o r t  f ro m  " g o "  t o  be yond  t h e  t w e l f t h  s t e p .  
As t h e  s u b j e c t  s t e p p e d  on  t h e  s w i t c h m a t  on t h e  t h i r d  s t e p  t h e  t i m e r  
was a c t i v a t e d .  The t i m e r  was s t o p p e d  a s  t h e  s u b j e c t  s t e p p e d  on t h e  
s w i t c h m a t  on t h e  n i n t h  s t e p .  Thus t h e  t im e  i n  lOOths o f  a s e c o n d  
f rom t h e  t h i r d  s t e p  t o  t h e  n i n t h  s t e p  was r e c o r d e d  f o r  e a c h  s u b j e c t .  
(A p p e n d ix e s  H and I )  Each  s u b j e c t  was g i v e n  one  p r a c t i c e  t r i a l  and 
t h e n  was g i v e n  t h r e e  t r i a l s  w h i c h  w e r e  r e c o r d e d  by  t h e  t e s t  
a d m i n i s t r a t o r  on a d a t a  fo rm ,  Of t h e  t h r e e  r e c o r d e d  t i m e s  t h e  
f a s t e s t  was u s e d  i n  c o n v e r t i n g  s c o r e s  i n t o  h o r s e p o w e r  u n i t s .  (See
g
P.  0 .  A s t r a n d  and  1, Rhyming, "A Nomogram f o r  C a l c u l a t i o n  
o f  A e r o b i c  C a p a c i t y  ( P h y s i c a l  F i t n e s s )  f ro m  P u l s e  R a te  d u r i n g  Sub-  
maximal  W o rk , "  J o u r n a l  o f  A p p l i e d  P h y s i o l o g y , 7 ( 1 9 5 4 ) ,  pp .  2 1 8 - 2 2 1 .
^Mathews,  l o c .  c i t .
F i g u r e  9
P e r f o r m a n c e  o f  A n a e r o b i c  C a p a c i t y  T e s t
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A pp e n d ix  H f o r  c o n v e r s i o n  f o r m u l a )  The s u b j e c t ' s  w e i g h t  t i m e s  s i x  
(number o f  s t e p s  b e t w e e n  s w i t c h m a t e )  t i m e s  6  5 / 8  i n c h e s  ( h e i g h t  o f  
s t e p s )  was u s e d  t o  c a l c u l a t e  f o o t  p o u n d s .  Power was o b t a i n e d  by  
d i v i d i n g  f o o t  pounds  b y  s u b j e c t ' s  f a s t e s t  t i m e .  H o r s e p o w e r  s c o r e s  
w e re  t h e n  o b t a i n e d  by d i v i d i n g  f o o t  pou n d s  p e r  s e c o n d  by  550 f o o t  
pounds  p e r  s e c o n d .
STATISTICAL DESIGN
The L o u i s i a n a  S t a t e  U n i v e r s i t y  D e p a r t m e n t  o f  E x p e r i m e n t a l  
S t a t i s t i c s  was c o n s u l t e d  i n  t h e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  g a t h e r e d  
d a t a .  A l l  raw d a t a  w e r e  c o d e d  on a  c o m p u t e r  c o d e  s h e e t .  A f a c t o r i a l  
a n a l y s i s  o f  v a r i a n c e  was c om pu ted  b e t w e e n  w h i t e  and  b l a c k  g r o u p s ,  
i n d i v i d u a l s  w i t h i n  g r o u p s ,  l e v e l  o f  e x e r t i o n ,  g roup  by  l e v e l  o f  
e x e r t i o n  i n t e r a c t i o n ,  and  r e s i d u a l .  C o r r e l a t i o n  c o e f f i c i e n t s  w e re  
com puted  i n d i c a t i n g  t h e  r e l a t i o n s h i p s  b e tw e e n  t h e  v a r i a b l e s  maximal  
oxygen  c o n s u m p t i o n  (Max V C ^) , a n a e r o b i c  c a p a c i t y  ( p o w e r ) ,  and  
p e r s o n a l  f a c t o r s  o f  a g e ,  h e i g h t ,  and  w e i g h t .
Chapter 4
PRESENTATION AND ANALYSIS OF DATA
The d a t a  f o r  t h e  s t u d y  w e r e  s c o r e s  o f  f o r t y  m a le  c o l l e g e  
s t u d e n t s  d i v i d e d  i n t o  two g r o u p s :  Group I  -  t w e n t y  w h i t e  s u b j e c t s ,
Group I I  -  t w e n t y  b l a c k  s u b j e c t s .  A l l  s u b j e c t s  w e r e  t e s t e d  on f o u r  
f a c t o r s :  ( 1 ) p e r c e i v e d  e x e r t i o n  u n d e r  e n d u r a n c e  c o n d i t i o n s ,  ( 2 )
p e r c e i v e d  e x e r t i o n  f o l l o w i n g  s h o r t  e x p l o s i v e  e f f o r t s ,  (3 )  a e r o b i c  
c a p a c i t y ,  and  (4 )  a n a e r o b i c  c a p a c i t y .
P e r c e i v e d  e x e r t i o n  d a t a  w e r e  c o l l e c t e d  by  h a v i n g  s u b j e c t s  
p e d a l  a b i c y c l e  e r g o m e t e r  a t  p r e d e t e r m i n e d  work  l o a d  s e t t i n g s .  I n  
a d d i t i o n ,  h e a r t  r a t e  d a t a  w e r e  r e c o r d e d  a s  s u b j e c t s  a t t e m p t e d  t o  
s u b j e c t i v e l y  a s s e s s  t h e i r  p e r c e i v e d  e x e r t i o n  u n d e r  c o n d i t i o n s  o f  
e n d u r a n c e  and  e x p l o s i v e  e f f o r t s .  H e a r t  r a t e  d a t a  w e r e  a n a l y z e d  t o  
d e t e r m i n e  i f  h e a r t  r a t e  d i f f e r e n c e s  a t  t h e  w ork  l o a d  s e t t i n g s  w e r e  
s i g n i f i c a n t  and  i f  t h e  d i f f e r e n c e s  f a v o r e d  t h e  w h i t e  o r  b l a c k  
s u b j e c t s .
D a t a  w e r e  c o l l e c t e d  u t i l i z i n g  a t e s t  d e s i g n e d  t o  p r e d i c t  
maximal  oxyge n  c o n s u m p t io n  f rom  a submaximal  work  l o a d .  A n a e r o b i c  
power d a t a  w e r e  r e c o r d e d  a s  s u b j e c t s  p e r f o r m e d  a  t e s t  d e s i g n e d  t o  
m e a s u r e  maximal  a n a e r o b i c  pow er .  A n a l y s i s  o f  v a r i a n c e  f o r  r e p e a t e d  
m e a s u r e s  was computed  on t h e  d i f f e r e n c e s  b e tw e e n  t h e  two g r o u p s  on  
a l l  f o u r  f a c t o r s .  A g r a p h i c a l  a n a l y s i s  o f  r a t i n g s  o f  p e r c e i v e d  
e x e r t i o n  and  h e a r t  r a t e  a t  e a c h  d e s i g n a t e d  work  l o a d  l e v e l  was d o n e .  
C o r r e l a t i o n  c o e f f i c i e n t s  w e r e  c a l c u l a t e d  on combined  g r o u p  s c o r e s  on
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maximal  oxyge n  c o n s u m p t i o n  (VO2 ) > a n a e r o b i c  c a p a c i t y  ( d e v e l o p e d  i n  
h o r s e p o w e r  -  h p ) , a g e ,  h e i g h t ,  and  w e i g h t  o f  s u b j e c t s  i n  o r d e r  t o  
d e t e r m i n e  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  v a r i a b l e s .
ANALYSIS OF PERCEIVED EXERTION 
UNDER ENDURANCE CONDITIONS
A n a l y s i s  o f  v a r i a n c e  was c om puted  on mean d i f f e r e n c e s  b e t w e e n  
r a t i n g s  o f  p e r c e i v e d  e x e r t i o n  (RPE) and  h e a r t  r a t e s  a t  f i v e  work 
l o a d  s e t t i n g s  on a b i c y c l e  e r g o m e t e r .  The RPE means and  s t a n d a r d  
d e v i a t i o n s  a t  e a c h  w ork  l o a d  s e t t i n g  a r e  p r e s e n t e d  i n  T a b l e  1.
T a b l e  1
Mean R a t i n g s  o f  P e r c e i v e d  E x e r t i o n  o f  W hi te  
and  B l a c k  S u b j e c t s  Under  E n d u r a n c e  C o n d i t i o n s  
a t  P r e d e t e r m i n e d  Work Load S e t t i n g s
Work Load 
L e v e l n
W h i t e
RPE S.D.
B l a c k
RPE S.D .
1 2 0 7 . 2 0 .83 7 .3 5 1 .5 3
2 2 0 1 0 . 2 5 1 .6 2 1 0 .3 5 2 . 2 3
3 2 0 1 3 . 6 5 1 . 6 6 1 3 .6 5 1 . 8 4
4 2 0 1 6 . 9 0 1 .3 3 1 6 .7 5 2 . 0 2
5 2 0 1 9 . 3 0 1 .1 3 1 9 . 1 0 1 . 4 5
T a b l e  2 shows t h e  a n a l y s i s  o f  v a r i a n c e  d a t a  f o r  mean 
d i f f e r e n c e s  o f  r a t i n g s  o f  p e r c e i v e d  e x e r t i o n  u n d e r  e n d u r a n c e  
c o n d i t i o n s  a t  t h e  f i v e  p r e d e t e r m i n e d  w ork  l o a d  s e t t i n g s .  As shown 
i n  T a b l e  2 ,  mean d i f f e r e n c e  b e t w e e n  g r o u p s  r e s u l t e d  i n  an  F - r a t i o  o f
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0 .0 0 3  w h i c h  was n o t  s i g n i f i c a n t  a t  t h e  .05  l e v e l  o f  p r o b a b i l i t y .
Mean d i f f e r e n c e s  b e t w e e n  work l o a d s  f o r  b o t h  g r o u p s  r e s u l t e d  i n  an  
F - r a t i o  o f  7 0 0 . 4 8  w h ic h  was s i g n i f i c a n t  a t  t h e  . 0 1  l e v e l .  T h i s  
p o i n t e d  o u t  t h a t  t h e  s u b j e c t s  w i t h i n  e a c h  g r o u p  had  s i g n i f i c a n t  RPE 
d i f f e r e n c e s  b e t w e e n  work l o a d  s e t t i n g s .  The t h i r d  c o m p a r i s o n  b e tw e e n  
mean d i f f e r e n c e s  b e tw e e n  g r o u p s  a t  t h e  f i v e  work l o a d  l e v e l s  r e s u l t e d  
i n  a n  F - r a t i o  o f  0 . 1 8  w h ic h  was  n o t  s i g n i f i c a n t  a t  t h e  . 0 5  l e v e l .
T a b l e  2
A n a l y s i s  o f  V a r i a n c e  o f  W h i t e  and  B l a c k  P e r c e i v e d  
E x e r t i o n  Under  E n d u r a n c e  C o n d i t i o n s  a t  
P r e d e t e r m i n e d  Work Load L e v e l s
S o u r c e
o f
V a r i a t i o n
D e g r e e s
o f
Freedom
Sum o f  
S q u a r e s
Mean
S q u a r e F - R a t i o P
Group 1 0 . 0 2 0 . 0 2 0 .0 0 3 NS*
S u b j e c t 38 2 9 3 .8 8 7 .7 3
Work L e v e l 4 3 7 0 1 .8 5 9 2 5 .4 6 700 .4 8 . 0 1 **
Group X L e v e l 4 0 . 9 3 0 . 2 3 0 . 1 8 NS**
R e s i d u a l 152 2 0 0 .8 2 1 .3 2
T o t a l 199 4 1 9 7 . 5 0 2 1 . 1 0
* F - r a t i o  n e e d ed  
* * F - r a t i o  n e e d ed
f o r  s i g n i f i c a n c e  a t  
f o r  s i g n i f i c a n c e  a t
.0 5  l e v e l  
, 0 5  l e v e l
4 . 0 6 ;  .01  
2 . 3 7 ;  .01
l e v e l  7 . 3 1 .  
l e v e l  3 . 3 2 ,
A g r a p h i c  p r e s e n t a t i o n  o f  t h e  d a t a  i s  p r o v i d e d  i n  F i g u r e  10.
I t  i s  s e e n  t h a t  mean d i f f e r e n c e s  b e t w e e n  t h e  b l a c k  and  w h i t e  s u b j e c t s
a t  e a c h  o f  t h e  f i v e  work  l o a d  l e v e l s  w e r e  s l i g h t .  The B l a c k  g ro u p
had  s l i g h t l y  h i g h e r  o b s e r v e d  RPE means a t  l e v e l s  1 and  2.  A t  l e v e l s
4 and 5 t h e  W h i t e  g ro u p  had t h e  h i g h e r  o b s e r v e d  s c o r e s .  As T a b l e  1 
and F i g u r e  10 show, b o t h  g r o u p s  ha d  i d e n t i c a l  o b s e r v e d  RPE means
( 1 3 . 6 5 )  a t  l e v e l  3.
19
18
17
16
15
14
13
12
11
10
9
8
7
6
kgm/min
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(W h i t e )
( B l a c k )
1
300
2
600
3
900
4
1200
5
1500
LEVEL
F i g u r e  10
P e r c e i v e d  E x e r t i o n  R a t i n g  a t  P r e d e t e r m i n e d  Work 
Load L e v e l s  o f  B l a c k  and  W h i t e  S u b j e c t s  D u r i n g  
P e r f o r m a n c e  Under  E n d u r a n c e  C o n d i t i o n s
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A n a l y s i s  o f  H e a r t  R a te  D i f f e r e n c e s  Under  
E n d u r a n c e  C o n d i t i o n s
Mean s c o r e s  and s t a n d a r d  d e v i a t i o n s  i n  b e a t s  p e r  m i n u t e  (bpm)
f o r  B l a c k  and  W h i t e  s u b j e c t s  a t  t h e  f i v e  p r e d e t e r m i n e d  work l o a d
l e v e l s  a r e  shown i n  T a b l e  3 .
T a b l e  3
H e a r t  R a te  Means f o r  W hi te  and  B l a c k  S u b j e c t s  
a t  F i v e  P r e d e t e r m i n e d  Work Load L e v e l s  Under  
E n d u r a n c e  C o n d i t i o n s
Work Load 
L e v e l n
W h i t e
HR S.D.
B l a c k
HR S.D.
1 2 0 1 1 5 .4 0 1 2 .6 2 1 1 4 .6 0 1 5 .4 1
2 2 0 1 2 9 .9 0 1 3 .8 1 1 3 2 .0 0 1 4 . 5 0
3 2 0 1 5 0 .5 5 1 3 .5 8 1 5 3 .9 5 1 5 .3 6
4 2 0 1 6 8 . 7 0 1 2 . 8 6 1 6 9 .5 0 1 4 . 4 0
5 2 0 1 8 2 .3 0 1 2 . 8 6 1 7 8 .1 0 1 4 .6 5
A n a l y s i s  o f v a r i a n c e  o f
/
mean h e a r t r a t e d a t a  u n d e r  e n d u r a n c e
c o n d i t i o n s  a r e shown i n T a b l e  4 . O v e r a l l  h e a r t r a t e  d i f f e r e n c e
b e t w e e n  g r o u p s r e s u l t e d i n  a n  i n s i g n i f i c a n t F - r a t i o  o f  0 . 0 0 4 .  As
e x p e c t e d ,  h e a r t  r a t e d i f f e r e n c e s b e t w e e n  l e v e l s f o r  b o t h g r o u p s  w e r e
s i g n i f i c a n t  a t t h e  . 0 1 l e v e l .  The F - r a t i o b e tw e e n  l e v e l s  was 9 3 5 . 4 5 .
The i n t e r a c t i o n  b e t w e e n  g r o u p s  and  f i v e  work l o a d  l e v e l s  r e s u l t e d  i n  
a  F - r a t i o  o f  2 . 8 2  w h i c h  was s i g n i f i c a n t  a t  t h e  .05  l e v e l .  T h i s  was 
i n t e r p r e t e d  t o  mean t h a t  t h e  i n c r e a s e  i n  h e a r t  r a t e  w i t h  i n c r e a s e d  
w ork  l o a d  was d i f f e r e n t  f o r  b l a c k  and  w h i t e  s u b j e c t s .  F i g u r e  12,
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p a g e  72, i l l u s t r a t e s  t h i s  d i f f e r e n c e  and  i s  m os t  p r o n o u n c e d  a t  w ork  
l o a d  l e v e l s  2 ,  3 ,  an d  4 .
T a b l e  4
A n a l y s i s  o f  V a r i a n c e  o f  W h i t e  a nd  B l a c k  H e a r t  
R a t e  U nder  E n d u r a n c e  C o n d i t i o n s  a t  
P r e d e t e r m i n e d  Work Load L e v e l s
S o u r c e
o f
V a r i a t i o n
D e g r e e s
o f
Freedom
Sum o f  
S q u a r e s
Mean
S q u a r e F - R a t i o P
Group 1 3 . 3 8 3 . 3 8 0 . 0 0 4 NS*
S u b j e c t 38 3 2 7 8 3 .4 2 8 6 2 .7 2
HR L e v e l 4 1 1 4 7 4 2 .6 0 2 8 6 8 5 .6 5 9 3 5 .4 5 . 0 1 **
Group X L e v e l 4 3 4 5 . 5 2 8 6 . 3 8 2 . 8 2 . 0 5 * *
R e s i d u a l 152 3 2 7 8 3 .4 2 3 0 . 6 7
T o t a l 199 4 6 6 1 . 0 8 7 6 6 .5 1
* F - r a t i o  n e e d e d  
* * F - r a t i o  n e e d e d
f o r  s i g n i f i c a n c e  a t  . 
f o r  s i g n i f i c a n c e  a t  .
05 l e v e l  4 
05 l e v e l  2
. 0 6 ;  . 0 1  
. 3 7 ;  .01
l e v e l  7 . 3 1 .  
l e v e l  3 . 3 2 ,
F i g u r e  11 g r a p h i c a l l y  i l l u s t r a t e s  h e a r t  r a t e  r e s p o n s e s  o f  
t h e  w h i t e  a n d  b l a c k  s u b j e c t s  a t  t h e  f i v e  work  l o a d  l e v e l s .  Mean 
d i f f e r e n c e s  a t  w ork  l o a d  l e v e l s  1 an d  2 ,  4 an d  5 a r e  l e s s  t h a n  a t  
w ork  l o a d  l e v e l  3 .  A t  l e v e l  3 t h e  w h i t e  s u b j e c t s  had  a  mean o f  
1 5 0 . 3 5  bpm w h i l e  t h e  b l a c k  s u b j e c t s  h a d  a  mean o f  1 5 3 .9 5  bpm. The 
d i f f e r e n c e ,  3 . 4 0  bpm, was t h e  l a r g e s t  o f  a l l  l e v e l s .
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180
160
140
120
100
(bpm)
(Whi te )
( B l a c k )
(kgm/min)
1
300
2
600
3
900
4
1200
5
1500
LEVEL
F i g u r e  11
H e a r t  R a te  C o m p a r i s o n  a t  P r e d e t e r m i n e d  Work Load 
L e v e l s  o f  B l a c k  and W h i t e  S u b j e c t s  D u r i n g  
P e r f o r m a n c e  Under  E n d u r a n c e  C o n d i t i o n s
ANALYSIS OF PERCEIVED EXERTION UNDER 
SHORT EXPLOSIVE EFFORT CONDITIONS
A n a l y s i s  o f  S h o r t  E x p l o s i v e  E f f o r t  R a t i n g s  o f  
P e r c e i v e d  E x e r t i o n  a t  F our  P r e d e t e r m i n e d  
H e a r t  R a te  L e v e l s
T a b l e  5 c o n t a i n s  t h e  means f o r  RPE o f  t h e  two g r o u p s
f o l l o w i n g  s h o r t  e x p l o s i v e  e f f o r t s  on a  b i c y c l e  e r g o m e t e r .
T a b l e  5
Mean R a t i n g s  o f  P e r c e i v e d  E x e r t i o n  o f  W h i t e  and  
B l a c k  S u b j e c t s  Under  S h o r t  E x p l o s i v e  C o n d i t i o n s
L e v e l
H e a r t
R a te n W h i t e B l a c k
1 140 2 0 8 . 0 5 7 . 8 0
2 150 2 0 9 . 8 5 1 0 .1 5
3 160 2 0 1 2 .2 5 1 3 .0 0
4 170 2 0 1 4 .9 5 1 5 .7 0
T a b l e  6  shows t h e  a n a l y s i s  o f  v a r i a n c e  f o r  mean RPE 
d i f f e r e n c e s  u n d e r  s h o r t  e x p l o s i v e  e f f o r t  c o n d i t i o n s .  A n a l y s i s  o f  
mean d i f f e r e n c e  b e t w e e n  b l a c k  and w h i t e  s u b j e c t s  i n  RPE r e s u l t e d  i n  
a n  F - r a t i o  o f  .5 3  w h i c h  was n o t  s i g n i f i c a n t  a t  t h e  .0 5  l e v e l .  The 
RPE d i f f e r e n c e s  a t  t h e  f o u r  l e v e l s  o f  h e a r t  r a t e  w e r e  s i g n i f i c a n t  a t  
t h e  .0 1  l e v e l  o f  p r o b a b i l i t y  (F = 2 8 8 . 2 5 ) .  G r o u p / l e v e l  i n t e r a c t i o n  
r e s u l t e d  i n  a  F - r a t i o  o f  1 . 5 7  w h i c h  was n o t  s i g n i f i c a n t  a t  t h e  . 0 5  
l e v e l .
Mean RPE d a t a  a r e  g r a p h i c a l l y  shown i n  F i g u r e  12.  A l t h o u g h  
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e  b l a c k  s u b j e c t s  w e r e  o b s e r v e d  t o '
19
18
16
(W hi te )
( B l a c k )
1 2  3 4
(HR) 140 150 160 170 (bpm)
HEART RATE LEVEL 
F i g u r e  12
P e r c e i v e d  E x e r t i o n  R a t i n g s  a t  P r e d e t e r m i n e d  H e a r t  
R a t e  L e v e l s  o f  B la c k  and  W h i t e  S u b j e c t s  D u r i n g  
S h o r t  E x p l o s i v e  P e r f o r m a n c e
73
be  h i g h e r  t h a n  t h e  w h i t e  s u b j e c t s  a t  h e a r t  r a t e  l e v e l s  2 ,  3 ,  and  4 .  
A t  l e v e l s  3 an d  4 ,  o b s e r v e d  RPE d i f f e r e n c e s  o f  .75  bpm a r e  t h e  
l a r g e s t .
T a b l e  6
A n a l y s i s  o f  V a r i a n c e  o f  P e r c e i v e d  E x e r t i o n  R a t i n g s  
o f  W h i t e  and  B l a c k  S u b j e c t s  Under  S h o r t
E x p l o s  i v e E f f o r t  P e r f o r m a n c e
S o u r c e
o f
V a r i a t i o n
D e g r e e s
o f
Fr eedom
Sum o f  Mean 
S q u a r e s  S q u a r e F - R a t i o - P
Group 1 6 . 0 1 6 . 0 1 .53 NS*
S u b j e c t 38 4 3 3 . 0 9 1 1 . 4 0
HR L e v e l 3 1 2 3 6 .9 2 4 1 2 . 3 1 2 8 8 .2 5 . 0 1 **
Group X L e v e l 3 6 . 7 7 2 .2 6 1 .5 7 NS**
R e s i d u a l 114 1 6 3 .0 6 1 .4 3
T o t a l 159 1 8 4 5 .8 4 1 1 .6 1
* F - r a t i o  n e e d e d  f o r  s i g n i f i c a n c e  a t  .0 5  l e v e l  4 . 0 6 ;  .01 l e v e l  7 . 3 1 .  
* * F - r a t i o  n e e d e d  f o r  s i g n i f i c a n c e  a t  .0 5  l e v e l  2 . 6 8 ;  .01  l e v e l  3 . 9 5 .
ANALYSIS OF AEROBIC CAPACITY DIFFERENCE 
BETWEEN WHITE AND BLACK SUBJECTS
T a b l e  7 shows t h e  a n a l y s i s  o f  v a r i a n c e  c o m p u t a t i o n  on t h e  
mean d i f f e r e n c e  o f  p r e d i c t e d  a e r o b i c  c a p a c i t y .  The w h i t e  s u b j e c t s  
ha d  a  mean o f  2 . 5 1  l i t e r s  w h i l e  t h e  b l a c k  s u b j e c t s  had a  mean o f  
2 . 5 0  l i t e r s  p e r  m i n u t e .  As shown i n  T a b l e  7 ,  t h e  F - r a t i o  f o r  t h e
a na l  v..i.s ;.i i i , ; . .ip.u i s ■ : . v n  i ..t.; nu i  s i g n i  f Lean t  a t  t h e  . 0 5
l e v e  1..
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Table 7
A n a l y s i s  o f  V a r i a n c e  o f  P r e d i c t e d  Oxygen C ons u m p t io n  
(VO2 ) f o r  W h i t e  and  B l a c k  S u b j e c t s
S o u r c e
o f
V a r i a t i o n
D e g r e e s
o f
Freedom
Sum o f  
S q u a r e s
Mean
S q u a r e F - R a t i o  P
Group 1 0 . 0 0 0 . 0 0 0 . 0 0 1  NS
R e s i d u a l 38 6 . 2 4 0 .1 6
T o t a l 39 6 . 2 4 0 .1 6
F - r a t i o  n e e d ed f o r  s i g n i f i c a n c e  a t  .05 l e v e l  4 . 0 6 ; .01  l e v e l  7 . 3 1 .
ANALYSIS OF ANAEROBIC CAPACITY DIFFERENCE 
BETWEEN WHITE AND BLACK STUDENTS
I n  T a b le  8 , t h e  a n a l y s i s  o f  v a r i a n c e  b e t w e e n  a n a e r o b i c  
c a p a c i t y  p e r f o r m a n c e s  ( i n  h o r s e p o w e r )  o f  w h i t e  an d  b l a c k  s u b j e c t s  
r e s u l t e d  i n  a F - r a t i o  o f  4 . 6 0 .  The w h i t e  g r o u p  h a d  a mean o f  1 .7 9  
hp w h i l e  t h e  b l a c k  g r o u p  h a d  a  mean o f  2 . 0 1 .  The d i f f e r e n c e  o f  .22  hp 
was s i g n i f i c a n t  a t  t h e  .0 5  l e v e l  i n  f a v o r  o f  t h e  b l a c k  s u b j e c t s .
T a b l e  8
A n a l y s i s  o f  V a r i a n c e  o f  A n a e r o b i c  C a p a c i t y  
D i f f e r e n c e  B e tw e e n  W h i t e  and  B l a c k  S u b j e c t s
S o u r c e  D e g r e e s
o f  o f  Sum o f  Mean
V a r i a t i o n  F reedom  S q u a r e s  S q u a r e  F - R a t i o  P
Group 1 0 . 5 0  0 . 5 0  4 . 6 0  .0 5
R e s i d u a l  38 4 . 1 1  0 . 1 1
T o t a l  39 4 . 6 1  0 . 1 2
F - r a t i o  n e e d e d  f o r  s i g n i f i c a n c e  a t  ,0 5  l e v e l  4 . 0 6 ;  .0 1  l e v e l  7 . 3 .
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INTERCORRELATIONS OF VARIABLES
The i n t e r c o r r e l a L i o n s  b e t w e e n  p r e d i c t e d  max imal  oxygen  
c o n s u m p t i o n  (VO2 ) , a n a e r o b i c  c a p a c i t y  ( p o w e r ) ,  a g e ,  h e i g h t ,  and 
w e i g h t  a p p e a r  i n  T a b l e  9 .  The h i g h e s t  r e l a t i o n s h i p  found  was r  = . 6 6  
w hic h  was b e t w e e n  h e i g h t  and power .  O t h e r  s i g n i f i c a n t  r e l a t i o n s h i p s  
w e r e :  w e i g h t  and  power  r  = . 6 3 ,  w e i g h t  and  h e i g h t  r  = . 6 2 ,  and
w e i g h t  and  a g e  r  = . 4 3 .  As c a n  be s e e n  i n  t h e  t a b l e ,  no s i g n i f i c a n t  
r e l a t i o n s h i p s  w e r e  found  b e tw e e n  a e r o b i c  c a p a c i t y  (VO2 ) and  t h e  o t h e r  
f a c t o r s  o f  a n a e r o b i c  c a p a c i t y  ( p o w e r ) ,  a g e ,  h e i g h t  an d  w e i g h t .
T a b l e  9
I n t e r c o r r e l a t i o n s  o f  A e r o b i c  C a p a c i t y  (VO2 ) , A n a e r o b i c  
C a p a c i t y  ( p o w e r ) ,  Age,  H e i g h t ,  and  W e igh t
N = 40
V a r i a b l e Power Age H e i g h t W eigh t
vo2 .01 .24 . 13 .11
Power .11 .66* .63*
Age .21 .43*
H e i g h t . 62*
W eigh t
* r  r e q u i r e d  f o r  s i g n i f i c a n c e  w i t h  38 (N-2)  d f ,  . 3 0 .
Chapter 5
SUMMARY, FINDINGS, CONCLUSIONS 
AND RECOMMENDATION
SUMMARY
The p r i m a r y  p u r p o s e  o f  t h i s  s t u d y  was t o  com pa re  d i f f e r e n c e s  
i n  t h e  r a t i n g s  o f  p e r c e i v e d  e x e r t i o n  i n  e n d u r a n c e  e x e r c i s e  and  power 
p e r f o r m a n c e  b e t w e e n  w h i t e  c o l l e g e  m a l e s  and  b l a c k  c o l l e g e  m a l e s .  A l l  
s u b j e c t s  w e r e  t e s t e d  f o r  p e r c e i v e d  e x e r t i o n  (RPE) u n d e r  two 
c o n d i t i o n s :  (1 )  RPE u n d e r  c o n d i t i o n s  o f  e n d u r a n c e ,  a n d  (2 )  RPE u n d e r
s h o r t  e x p l o s i v e  c o n d i t i o n s .  The i n v e s t i g a t i o n  u t i l i z e d  t h e  Borg  
Scale '* ' ,  a  b i c y c l e  e r g o m e t e r ,  and a BT-1200 B i o t a c h o m e t e r  w i t h  
e l e c t r o d e s  an d  c a b l e .
A s e c o n d a r y  p u r p o s e  o f  t h e  s t u d y  was t o  com pa re  t h e  a e r o b i c  
and  a n a e r o b i c  c a p a c i t i e s  o f  w h i t e  s u b j e c t s  v e r s u s  b l a c k  s u b j e c t s .
F o r t y  m a le  v o l u n t e e r s  r a n g i n g  i n  a g e  f ro m  s e v e n t e e n  to  
t w e n t y - s e v e n  y e a r s  s e r v e d  a s  s u b j e c t s  f o r  t h e  s t u d y .  A l l  s u b j e c t s  
w e r e  e n r o l l e d  a t  Lamar  U n i v e r s i t y ,  B e a um on t ,  T e x a s ,  d u r i n g  t h e  F a l l  
s e m e s t e r  o f  1975 .  The s u b j e c t i v e  s e l e c t i o n  o f  s u b j e c t s  was made i n  
an  a t t e m p t  t o  h a v e  b o t h  g r o u p s  a s  p h y s i c a l l y  hom ogeneous  a s  p o s s i b l e .
The s u b j e c t s  w e r e  t e s t e d  f o r  r a t i n g s  o f  p e r c e i v e d  e x e r t i o n  
(RPE) u n d e r  e n d u r a n c e  c o n d i t i o n s  by  p e d a l i n g  a b i c y c l e  e r g o m e t e r  a t
^Gunner  A. V. B o r g ,  " P e r c e i v e d  E x e r t i o n :  A Note  on  ' H i s t o r y '
and  M e t h o d s , "  M e d i c i n e  and  S c i e n c e  i n  S p o r t s .  5 (Summer, 1 9 7 3 ) ,  
p p .  9 0 - 9 2 .
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t h e  r a t e  o f  50 r e v o l u t i o n s  p e r  m i n u t e .  An i n i t i a l  work  l o a d  
( t e n s i o n  s e t t i n g )  o f  300 kgm/min was s e t  f o r  one  m i n u t e .  The work 
l o a d  was i n c r e a s e d  by  300 kgm/min f o r  e a c h  one  m i n u t e  work  b o u t  
t h e r e a f t e r  u n t i l  t h e  s u b j e c t s  r e a c h e d  t h e  1500 kgm/min w o rk  l e v e l .
At  t h e  end o f  e a c h  one  m i n u t e  work  b o u t ,  s u b j e c t s  w e r e  a s k e d  t o  r a t e  
t h e i r  p e r c e i v e d  e x e r t i o n  b y  s e l e c t i n g  a  number f rom  t h e  B o rg  S c a l e .
RPE d a t a  f o r  p e r c e i v e d  e x e r t i o n  f o l l o w i n g  e x p l o s i v e  e f f o r t s  
w e r e  c o l l e c t e d .  S u b j e c t s  w e r e  i n s t r u c t e d  t o  p e d a l  a t  t h e  r a t e  o f  50 
r e v o l u t i o n s  p e r  m i n u t e  u n t i l  t h e i r  h e a r t  r a t e  r e a c h e d  t h e  125 bpm 
l e v e l .  The s u b j e c t s  w e r e  t h e n  i n s t r u c t e d  t o  p e d a l  a t  a  r a t e  o f  150 
rpm u n t i l  t h e i r  h e a r t  r a t e  r e a c h e d  t h e  f o u r  l e v e l s  o f  1 4 0 ,  150 ,  160,  
and  170 bpm. S u b j e c t s  w e re  a s k e d  to  r a t e  t h e i r  p e r c e i v e d  e x e r t i o n
u t i l i z i n g  t h e  B org  S c a l e  a t  e a c h  o f  t h e  f o u r  h e a r t  r a t e  l e v e l s .
2The s t u d y  u t i l i z e d  t h e  A s t r a n d - R h y m i n g  T e s t  f o r  t h e  
p r e d i c t i o n  o f  maximal  oxygen  c o n s u m p t i o n  (VO2 ) . E q u ip m e n t  n e c e s s a r y  
f o r  t h i s  t e s t  i n c l u d e d  a  b i c y c l e  e r g o m e t e r ,  a BT-1200 B i o t a c h o m e t e r ,  
and  a  s t o p w a t c h .  A e r o b i c  c a p a c i t y  d a t a  w e r e  c o l l e c t e d  by  h a v i n g  
s u b j e c t s  p e d a l  on t h e  b i c y c l e  e r g o m e t e r  a t  a work l o a d  e s t i m a t e d  to  
p r o d u c e  a  h e a r t  r a t e  b e t w e e n  130 bpm and  150 bpm a t  t h e  end  o f  s i x  
m i n u t e s .  H e a r t  r a t e  d a t a  w e r e  o b t a i n e d  by  e m p l o y in g  a BT-1200 
B i o t a c h o m e t e r .  The f i n a l  w ork  l o a d  was o b t a i n e d  by  u s i n g  t h e  mean 
h e a r t  r a t e s  f o r  t h e  f i f t h  an d  s i x t h  m i n u t e s  o f  t h e  w ork  b o u t .  The
2
H e r b e r t  A. d e V r i e s ,  L a b o r a t o r y  E x p e r i m e n t s  i n  P h y s i o l o g y  o f  
E x e r c i s e  (Dubuque ,  Iowa:  Wm. C. Brown Company, 1 9 7 3 ) ,  p p .  8 9 - 9 1 .
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A s t r a n d - R h y m i n g  Nomogram was u s e d  t o  d e t e r m i n e  p r e d i c t e d  max imal
a e r o b i c  c a p a c i t y  (VO2 ) i n  l i t e r s  p e r  m i n u t e .
F o r  d e t e r m i n i n g  a n a e r o b i c  c a p a c i t y ,  t h e  M a r g a r i a - K a l a m e n  
3
Power T e s t  was e m p lo y e d .  Equ ipm en t  f o r  t h i s  t e s t  i n c l u d e d  a DeKan 
A u t o m a t i c  P e r f o r m a n c e  A n a l y z e r  w i t h  two s w i t c h m a t s  and  a  f l i g h t  o f  
s t a i r s  w i t h  t w e l v e  s t e p s .  A n a e r o b i c  c a p a c i t y  was d e t e r m i n e d  by 
s u b j e c t s  r u n n i n g  up a  f l i g h t  o f  s t a i r s ,  t h r e e  s t e p s  a t  a  t i m e ,  a s  
f a s t  a s  p o s s i b l e .  The two s w i t c h m a t s  f o r  t h e  e l e c t r i c  t i m e r  w e r e  
p l a c e d  on t h e  t h i r d  and  n i n t h  s t e p s  f rom  t h e  b o t t o m  o f  t h e  s t a i r w a y .  
As t h e  s u b j e c t s  s t e p p e d  on  t h e  f i r s t  mat  t h e  t i m e r  was a c t i v a t e d .
The t i m e r  was s t o p p e d  a s  t h e  s u b j e c t  s t e p p e d  on t h e  s e c o n d  mat 
l o c a t e d  on t h e  n i n t h  s t e p .  Thus t h e  t im e  i n  lOOths  o f  a  s e c o n d  was 
r e c o r d e d  f o r  e a c h  s u b j e c t .  A n a e r o b i c  c a p a c i t y  was c o n v e r t e d  t o  
h o r s e p o w e r  (hp)  f o r  e a c h  s u b j e c t .
FINDINGS
The f i n d i n g s  o f  t h i s  s t u d y  w e r e  a s  f o l l o w s :
1. T h e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  p e r c e i v e d  e x e r t i o n  
r a t i n g s  o f  b l a c k  and  w h i t e  s u b j e c t s  on e n d u r a n c e  p e r f o r m a n c e .
2 .  H e a r t  r a t e  d i f f e r e n c e s  b e t w e e n  b l a c k  and  w h i t e  s u b j e c t s  
w h i l e  p e r f o r m i n g  u n d e r  e n d u r a n c e  c o n d i t i o n s  w e re  n o t  s i g n i f i c a n t .
Donald  K. Mathews ,  M easu rem en ts  i n  P h y s i c a l  E d u c a t i o n  
( 4 t h  e d . ,  P h i l a d e l p h i a :  W. B. S a u n d e r s  Company, 1 9 7 3 ) ,  pp .  1 4 9 - 1 5 0 .
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3 .  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  r a t i n g s  o f  
p e r c e i v e d  e x e r t i o n  o f  b l , ack  and  w h i t e  sub j o e i y. • • y . p l o p  j.ve
e i i o r t pe r  t o mi.< m , •.
4 .  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r e d i c t e d  
max im a l  a e r o b i c  c a p a c i t y  o f  b l a c k  and  w h i t e  s u b j e c t s .
5 .  T h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  f o u n d  i n  a n a e r o b i c  
c a p a c i t y  b e tw e e n  b l a c k  an d  w h i t e  s u b j e c t s  i n  f a v o r  o f  t h e  b l a d e  
s u b j e c t s .
6 . S i g n i f i c a n t  r e l a t i o n s h i p s  w e r e  fo u n d  b e tw e e n  power and 
h e i g h t ,  power and  w e i g h t ,  a g e  and  w e i g h t ,  and  h e i g h t  and  w e i g h t .
D i s c u s s i o n  o f  t h e  F i n d i n g s
4
D r .  Gunne r  A. V. B o r g ' s  S c a l e  was b a s e d  on t h e  c o n c e p t  t h a t  
t h e r e  i s  a  f a i r l y  l i n e a r  r e l a t i o n s h i p  b e t w e e n  w o rk  l o a d  and  h e a r t  
r a t e .  As c a n  be s e e n  i n  F i g u r e s  10 ,  11 ,  and  12 ,  p a g e s  6 7 ,  7 0 ,  and 
72, t h e  f i n d i n g s  o f  t h i s  s t u d y  s u p p o r t e d  t h e  l i n e a r  r e l a t i o n s h i p  
b e t w e e n  r a t i n g s  o f  p e r c e i v e d  e x e r t i o n  (RPE) and  p r e d e t e r m i n e d  work  
l o a d s  and  h e a r t  r a t e s .  A l i n e a r  r e l a t i o n s h i p  was fo u n d  f o r  b o t h  
w h i t e  and  b l a c k  s u b j e c t s .  Thus t h e  p e r c e i v e d  e x e r t i o n  s c a l e  g a t h e r e d  
f u r t h e r  e v i d e n c e  o f  v a l i d i t y  i n  t h i s  s t u d y .
The q u e s t i o n  o f  d i f f e r e n c e s  b e t w e e n  b l a c k  and  w h i t e  
p e r f o r m a n c e  c a p a b i l i t i e s  was r a i s e d  by  Metheny who c o n c l u d e d  t h a t
^ B o r g ,  o p ,  c i t . ,  p .  90
^ E l e a n o r  M e the ny ,  "Some D i f f e r e n c e s  i n  B o d i l y  P r o p o r t i o n s  
B e tw e e n  A m e r i c a n  Negro  and  W h i t e  Male C o l l e g e  S t u d e n t s  a s  R e l a t e d  t o  
A t h l e t i c  P e r f o r m a n c e , "  R e s e a r c h  Q u a r t e r l y , 1 0 : 4  (Decem ber ,  1 9 3 9 ) ,  
p p .  4 1 - 5 3 .
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body  p r o p o r t i o n s  o f  b l a c k  s u b j e c t s  g a v e  them a  s l i g h t  k i n e s i o l o g i c a l  
a d v a n t a g e  i n  c e r t a i n  t y p e s  o f  a t h l e t i c  p e r f o r m a n c e .  Kane^ and 
T a n n e r ^  a g r e e d  a s  t h e y  r e p o r t e d  e v i d e n c e  p o i n t i n g  t o  a d v a n t a g e s  o f  
b l a c k  a t h l e t e s  due  t o  body  p r o p o r t i o n s  and m u s c u l a r  d e v e l o p m e n t .
O
Kane c i t e d  one  e x p e r t  who f e l t  t h a t  b l a c k s  h a v e  more w h i t e  m u sc l e
f i b e r s  w h ic h  means t h e  b l a c k  a t h l e t e  i s  more a d a p t e d  f o r  s p e e d .
9
E x p r e s s i n g  an  a l t e r n a t e  v iew  Cobb r e p o r t e d  t h a t  f rom  h i s  c o m p a r i s o n s  
o f  p h y s i q u e s  o f  b l a c k s  v e r s u s  n o n - b l a c k s  he had  found  n o t h i n g  t o  
i n d i c a t e  t h a t  N e g r o i d  p h y s i c a l  c h a r a c t e r i s t i c s  w e r e  r e s p o n s i b l e  f o r  
b l a c k  a t h l e t i c  a c c o m p l i s h m e n t s .  T h e r e  was no e v i d e n c e  f rom  t h i s  
i n v e s t i g a t i o n  w h i c h  would  i n d i c a t e  t h a t  b l a c k  s u b j e c t s  p e r c e i v e  power  
p e r f o r m a n c e  any  d i f f e r e n t l y  f rom  w h i t e  s u b j e c t s ,  n o r  i n  t h e  p e r c e p t i o n  
o f  e f f o r t  i n  e n d u r a n c e  p e r f o r m a n c e .
H e a r t  r a t e  d i f f e r e n c e s  a t  p r e d e t e r m i n e d  work l e v e l s ,  s t a g e s  1 
t h r o u g h  5 w i t h  300 kgm/min t h r o u g h  1500 kgm/min r e s p e c t i v e l y ,  w e r e  
com pared  f o r  b l a c k  and  w h i t e  s u b j e c t s .  No s i g n i f i c a n t  d i f f e r e n c e s  
w e r e  f o u n d .  T h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  fo u n d  b e t w e e n  b l a c k  
and  w h i t e  g r o u p s  when h e a r t  r a t e  by w ork  l e v e l  ( s t a g e s  1 t h r o u g h  5)  
was co m p a red .  F i g u r e  11,  page  70,  shows g r a p h i c a l l y  t h a t  t h e  b l a c k
^ M a r t i n  Kane,  " A s s e s s m e n t  o f  B l a c k  i s  B e s t , "  S p o r t s  
I l l u s t r a t e d . 3 4 : 3  ( J a n u a r y  18 ,  1 9 7 1 ) ,  pp .  7 2 - 8 3 .
^ J .  M. T a n n e r ,  The P h y s i q u e  o f  t h e  Olympic A t h l e t e  (London:  
G eorge  A l l e n  and  Unwin,  L t d . ,  1 9 6 0 ) ,  p .  64 .
8
Kane,  l o c .  c i t .
9 Ib id .
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s u b j e c t s  had a h i g h e r  mean h e a r t  r a t e  a t  t h e  m i d d l e  work l e v e l s ;  2 ,
3 ,  and  4 ,  w h i l e  t h e  w h i t e  s u b j e c t s  ha d  h i g h e r  mean h e a r t  r a t e s  a t  
w o rk  l e v e l s  1 and 5 .  W h i l e  t h e  d i f f e r e n c e  was s i g n i f i c a n t  a t  t h e  
.0 5  l e v e l ,  t h e  r e s u l t s  o f  a n  o v e r a l l  c o m p a r i s o n  b e tw e e n  b l a c k  and 
w h i t e  s u b j e c t s  w e re  n o t  s i g n i f i c a n t .
P e r c e i v e d  e x e r t i o n  r a t i n g s  u n d e r  s h o r t  e x p l o s i v e  e f f o r t s  
( a n a e r o b i c  e x e r c i s e )  o f  t h e  two g r o u p s  w e r e  com pared  and r e v e a l e d  
no s i g n i f i c a n t  d i f f e r e n c e s .  However ,  an  a n a e r o b i c  power t e s t  
c o m p a r i s o n  b e t w e e n  t h e  b l a c k  and  w h i t e  s u b j e c t s  r e v e a l e d  t h a t  b l a c k  
s u b j e c t s  had s i g n i f i c a n t l y  h i g h e r  power s c o r e s  t h a n  t h e  w h i t e  
s u b j e c t s .  The a n a e r o b i c  c a p a c i t y  f i n d i n g s  o f  t h i s  s t u d y  w e r e  i n  
a g r e e m e n t  w i t h  P o n t h i e u x  and  B a r k e r ' s ^  i n v e s t i g a t i o n .  They found  
t h a t  r a c i a l  d i f f e r e n c e s  i n  p h y s i c a l  f i t n e s s  f a v o r e d  b l a c k  s u b j e c t s .  
O t h e r  s t u d i e s  f i n d i n g  b l a c k  p e r f o r m a n c e s  s i g n i f i c a n t l y  b e t t e r  t h a n  
w h i t e s  i n c l u d e d  Hu t  i n g e r  , H i p p i e ^ ,  J o k l " ^ ,  and  W yndham ^ .
■^D. G. B a r k e r  and  N. A. P o n t h i e u x ,  " P a r t i a l  R e l a t i o n s h i p  
Be tween  Race and  F i t n e s s  w i t h  S o c i o e c o n o m ic  S t a t u s  C o n t r o l l e d , "  The 
R e s e a r c h  Q u a r t e r l y , 3 9 : 3  ( O c t o b e r ,  1 9 6 8 ) ,  p p .  7 7 3 - 7 7 5 .
^ P a u l  W. l l u t i n g e r ,  " D i f f e r e n c e s  i n  Speed  Be tween  A m e r ic an  
Negro and  W h i t e  C h i l d r e n  i n  P e r f o r m a n c e s  o f  t h e  3 5 - Y a rd  D a s h , "  The 
R e s e a r c h  Q u a r t e r l y , 3 0 : 3  ( O c t o b e r ,  1 9 5 9 ) ,  p p .  3 6 6 - 3 6 8 .
12 J o s e p h  E. H i p p i e ,  " R a c i a l  D i f f e r e n c e s  i n  t h e  I n f l u e n c e  o f  
M o t i v a t i o n  on M u s c u l a r  T e n s i o n ,  R e a c t i o n  Time,  and  Speed  o f  M ovem en t ,"  
The R e s e a r c h  Q u a r t e r l y . 2 5 : 3  ( O c t o b e r ,  1 9 5 4 ) ,  p p .  2 9 7 - 3 0 6 .
■ ^ E r n s t  J o k l ,  M.D. ,  " M e d i c a l  R e s e a r c h  i n  P h y s i c a l  E d u c a t i o n  
i n  S o u t h  A f r i c a , "  The R e s e a r c h  Q u a r t e r l y . 2 0 : 1  (March ,  1 9 4 9 ) ,  p p .  8 8 -  
109.
^ C .  H. Wyndham and  o t h e r s ,  " D i f f e r e n c e s  Be tw een  E t h n i c  
Groups  i n  P h y s i c a l  W ork ing  C a p a c i t y , "  J o u r n a l  o f  A p p l i e d  P h y s i o l o g y . 
18 ( 1 9 6 3 ) ,  pp .  3 6 1 - 3 6 6 .
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I t  i s  a c k n o w l e d g e d  t h a t  a n  i n d i v i d u a l ' s  a b i l i t y  t o  p e r f o r m  
w ork  i s  d e t e r m i n e d  by  t h e  maximal  amoun t  o f  oxygen  t h a t  c a n  be 
t r a n s p o r t e d  f ro m  t h e  l u n g s  and  u t i l i z e d  by  t h e  w o r k i n g  m u s c l e s .  I n  
M e t h e n y ' s ^  e a r l i e r  s t u d y  s h e  c o n c l u d e d  t h a t  b l a c k s  a r e  "somewhat  
h a n d i c a p p e d "  i n  d i s t a n c e  r u n n i n g .  She r e p o r t e d  t h a t  t h e  b l a c k ' s  
c h e s t  c o n s t r u c t i o n  was s h a l l o w e r .  Metheny f u r t h e r  r e p o r t e d  t h a t  
b l a c k s  ha d  a 15 t o  20 p e r c e n t  l e s s  b r e a t h i n g  c a p a c i t y  t h a n  w h i t e s .  
K a n e ^  q u o t e d  a s t u d y  by Damon who had  f o u n d  t h a t  b l a c k  s u b j e c t s  had 
s i g n i f i c a n t l y  l o w e r  v i t a l  c a p a c i t y  t h a n  w h i t e  s u b j e c t s .  I n  t h e  same 
a r t i c l e  by  Kane ,  C o u n c i lm a n  r e f l e c t e d  on d i s t a n c e  swimming an d  
s u g g e s t e d  t h a t  s o c i o e c o n o m i c  f a c t o r s  w e r e  t h e  r e a s o n  why t h e r e  h a v e  
b e e n  so few o u t s t a n d i n g  b l a c k  sw immers .  No e v i d e n c e  was f o u n d  i n  
t h i s  s t u d y  w h i c h  w ou ld  s u p p o r t  t h e  i d e a  t h a t  b l a c k  s u b j e c t s  p o s s e s s  
a  s i g n i f i c a n t l y  l o w e r  a e r o b i c  c a p a c i t y  t h a n  w h i t e s .
I n t e r c o r r e l a t i o n s  w e r e  com p u te d  on maximal  oxyge n  c o n s u m p t i o n ,  
p o w e r ,  a g e ,  h e i g h t ,  an d  w e i g h t .  As c o u l d  be  e x p e c t e d ,  t h e  h i g h e s t  
r e l a t i o n s h i p s  w e r e  found  b e t w e e n  h e i g h t  and  p o w e r ,  and w e i g h t  and  
pow er .  H e i g h t  and  w e i g h t  r e l a t i o n s h i p  was a l s o  s i g n i f i c a n t  w h i l e  
a g e  and  w e i g h t  a l s o  ha d  a s i g n i f i c a n t  r e l a t i o n s h i p .  I t  was shown 
t h a t  t h e r e  i s  no r e l a t i o n s h i p  b e t w e e n  a e r o b i c  c a p a c i t y  and  a n a e r o b i c  
c a p a c i t y .
■^Metheny,  l o c .  c i t . Kane ,  l o c .  c i t .
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CONCLUSIONS
B ased  upon  t h e  f i n d i n g s  o f  t h i s  s t u d y  t h e  f o l l o w i n g  
c o n c l u s i o n s  w e r e  drawn:
1.  The s u b j e c t i v e  r a t i n g s  o f  e x e r t i o n  o f  b l a c k  s u b j e c t s  i n  
p r o l o n g e d  e n d u r a n c e  p e r f o r m a n c e  a p p a r e n t l y  do n o t  d i f f e r  f ro m  t h e  
p e r c e p t i o n  o f  e f f o r t  o f  w h i t e  s u b j e c t s .
2 .  The s u b j e c t i v e  r a t i n g s  o f  e x e r t i o n  o f  b l a c k  s u b j e c t s
u n d e r  s h o r t  e x p l o s i v e  p e r f o r m a n c e  a r e  n o t  d i f f e r e n t  f rom  t h e
p e r c e p t i o n  o f  e f f o r t  o f  w h i t e  s u b j e c t s .
3 .  The p r e d i c t e d  maximal  o x y g e n  c o n s u m p t i o n  o f  b l a c k  
s u b j e c t s  d o e s  n o t  d i f f e r  f rom  t h a t  o f  w h i t e  s u b j e c t s .
4 .  The a n a e r o b i c  c a p a c i t y  o f  b l a c k  s u b j e c t s  i s  g r e a t e r  t h a n
t h e  a n a e r o b i c  c a p a c i t y  o f  w h i t e  s u b j e c t s .
RECOMMENDATION
B a s e d  upon  t h e  f i n d i n g s  o f  t h i s  s t u d y  t h e  f o l l o w i n g  
r e c o m m e n d a t i o n  was made:
A s t u d y  o f  v a r s i t y  a t h l e t e s  i n  s e l e c t e d  s p o r t s  t o  d e t e r m i n e  
i f  b l a c k  a t h l e t e s  h a v e  g r e a t e r  power c a p a c i t y  t h a n  w h i t e  a t h l e t e s  i n  
t h e  same s p o r t .
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APPENDIX A 
SUBJECT RELEASE FORM
The u n d e r s i g n e d  h e r e b y  c e r t i f i e s  t h a t  h e  f u l l y  u n d e r s t a n d s  
t h e  n a t u r e  and  r e q u i r e m e n t s  o f  t h e  t e s t s  t h a t  a r e  t o  be  a d m i n i s t e r e d  
i n  o r d e r  t o  a s c e r t a i n  a e r o b i c  c a p a c i t y ,  a n a e r o b i c  c a p a c i t y ,  p e r c e i v e d  
e x e r t i o n  u n d e r  c o n d i t i o n s  o f  e n d u r a n c e ,  and  p e r c e i v e d  e x e r t i o n  u n d e r  
s h o r t  e x p l o s i v e  b o u t s .  F u r t h e r ,  t h e  u n d e r s i g n e d  v e r i f i e s  t h a t  he  
h a s  ha d  a  c o m p l e t e  g e n e r a l  p h y s i c a l  w i t h i n  t h e  p a s t  s i x  mon th s  a n d ,  
a s  f a r  a s  h e  c a n  d e t e r m i n e ,  t h e r e  a r e  no p h y s i c a l  r e a s o n s  w h i c h  wou ld  
p r e v e n t  h im  f rom  p a r t i c i p a t i n g  i n  t h i s  s t u d y .
S u b j e c t
" P e r c e i v e d  E x e r t i o n  i n  A e r o b i c  and A n a e r o b i c  P e r f o r m a n c e  o f  B l a c k  and 
W h i t e  C o l l e g e  M a le s "
b y :  James  R. H a rve y
5545 T h e r e s a  
B eaum on t ,  T e xa s  77705
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APPENDIX B
GROUP I  (WHITE) 
ENDURANCE -  RPE
I  I I  I I I  IV  V
> j e c t RPE HR RPE HR RPE HR RPE HR RPE HR
I 8 127 1 1 146 14 163 17 189 2 0 203
2 8 123 1 2 142 15 162 17 184 18 198
3 9 128 9 138 1 2 155 16 173 19 2 0 2
4 7 113 1 2 130 16 158 18 173 2 0 184
5 7 130 1 1 140 14 157 17 165 2 0 177
6 7 1 2 1 9 124 13 135 18 158 2 0 173
7 7 130 9 146 1 1 169 15 182 2 0 190
8 7 107 9 115 13 135 16 150 17 16 7
9 6 75 9 90 13 108 16 136 19 150
1 0 7 1 1 2 1 1 113 15 145 19 157 2 0 174
1 1 6 104 8 1 2 1 14 146 16 160 2 0 172
1 2 9 1 1 1 13 126 15 140 17 1.75 19 192
13 7 105 1 1 118 13 138 16 158 19 173
14 7 1 2 1 1 0 139 15 165 18 181 2 0 190
15 7 118 9 138 13 156 16 168 2 0 181
16 7 126 1 1 146 14 165 19 182 2 0 191
17 6 116 7 134 9 152 13 173 16 182
18 7 128 1 0 141 14 160 18 174 2 0 190
19 8 113 1 0 129 14 150 17 165 2 0 175
2 0 7 117 1 2 130 16 158 18 182 2 0 192
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APPENDIX C
GROUP I I  (BLACK) 
ENDURANCE -  RPE
I  I I  I I I  IV  V
S u b j e c t  RPE HR RPE HR RPE HR RPE HR RPE HR
1 7 116 9 128
2 6 108 7 138
3 6 123 1 2 131
4 7 124 1 0 143
5 9 94 15 1 2 1
6 7 82 1 1 103
7 6 1 0 2 1 2 130
8 6 144 9 157
9 6 137 8 162
1 0 9 106 1 2 134
1 1 6 90 7 104
1 2 8 1 2 2 1 1 132
13 7 125 13 142
14 8 130 1 1 134
15 7 119 1 0 143
16 1 2 127 13 140
17 9 117 1 2 126
18 7 114 9 1 2 2
19 8 107 9 1 2 2
2 0 6 108 7 128
13 140 17 162 17 178
13 156 19 168 2 0 170
13 144 14 169 17 178
1 2 157 15 166 19 170
17 142 19 163 2 0 172
15 126 17 143 19 153
15 150 18 160 2 0 165
13 178 16 184 2 0 185
1 2 186 18 193 2 0 195
16 153 19 159 2 0 164
1 2 124 17 139 2 0 146
13 160 16 177 19 190
16 166 19 182 2 0 186
14 166 17 175 2 0 188
13 164 15 184 2 0 190
14 164 17 193 2 0 205
14 144 18 161 19 176
16 161 18 180 2 0 191
13 147 15 163 17 170
9 151 1 1 169 15 190
94
APPENDIX D
GROUP I  (WHITE) 
PERCEIVED EXERTION 
RPE -  EXPLOSIVE BOUTS
S u b j e c t
I
140 bpm
I I  
150 bpm
I I I
160 bpm
IV 
170 bpm
1 1 1 1 2 14 17
2 1 1 1 1 13 17
3 9 1 1 1 1 16
4 7 1 2 15
5 8 1 1 14 17
6 9 1 1 13 15
7 7 1 1 13 15
8 7 13 16
9 9 1 1 16 17
1 0 9 1 1 13 17
1 1 6 7 1 2 15
1 2 9 9 1 0 1 2
13 7 9 1 0 1 2
14 7 1 0 13 16
15 6 8 1 0 14
16 1 0 1 0 13 16
17 7 9 1 2 13
18 7 9 1 2 15
19 7 8 9 1 0
2 0 8 1 1 1 2 14
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APPENDIX E
GROUP I I  (BLACK) 
PERCEIVED EXERTION 
RPE -  EXPLOSIVE BOUTS
r j e c t
I
140 bpm
I I
150 bpm
I I I  
160 bpm
IV 
170 b;
I 7 7 13 17
2 6 9 13 17
3 6 7 7 8
4 7 8 1 1 15
5 9 1 1 13 17
6 9 9 1 1 13
7 7 13 15 18
8 1 0 1 2 15 17
9 6 9 13 18
1 0 6 1 1 17 18
1 1 6 8 1 1 13
1 2 7 8 1 2 15
13 9 1 2 14 17
14 8 9 1 1 13
15 7 9 13 15
16 9 1 1 13 15
17 8 13 15 18
18 1 2 15 17 19
19 1 1 13 1 1 14
2 0 6 9 1 1 14
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APPENDIX F
GROUP I  (WHITE) 
AEROBIC CAPACITY 
(PREDICTED MAXIMUM O2  UPTAKE)
A v e r a g e  P r e d i c t e d  
S u b j e c t  (5 61 6 ) O2
I 127 141 147 150 158 161 160 2 . 1
2 130 137 149 148 155 159 158 2 . 1
3 124 135 136 142 144 145 145 2 . 5
4 150 152 158 151 152 155 154 2 . 2
5 140 145 148 152 154 158 156 2 . 2
6 142 156 163 164 171 172 172 1 . 8
7 123 124 129 129 128 130 129 3 . 1
8 135 140 142 146 153 154 154 2 . 2
9 113 114 115 1 2 1 1 2 2 125 124 3 . 4
1 0 134 139 140 139 145 148 147 2 . 4
1 1 104 1 1 2 113 114 125 125 125 3 . 2
1 2 1 2 0 126 131 135 128 130 129 3 . 0
13 126 137 140 147 148 150 149 2 . 3
14 117 124 126 127 130 129 130 3 . 0
15 140 151 152 150 165 165 165 4 . 0
16 135 135 136 140 146 150 148 2 . 3
17 130 135 140 145 145 148 146 2 . 4
18 1 2 0 125 130 131 134 135 135 2 . 8
19 142 145 146 146 146 146 146 2 . 4
2 0 130 134 135 140 135 139 137 2 . 7
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APPENDIX G
GROUP I I  (BLACK) 
AEROBIC CAPACITY 
(PREDICTED MAXIMUM O2  UPTAKE)
H e a r t  R a t e  a t  M i n u t e s  A v e r a g e  P r e d i c t e d
j e c t 1 2 3 4 5 6 (5 & 6 ) 0 2
I 128 141 148 154 160 164 162 2 . 7
2 113 132 137 145 142 146 144 2 . 5
3 139 138 141 142 146 145 146 2 . 4
4 147 153 160 164 16 7 170 169 2 . 6
5 132 142 146 157 164 168 166 2 . 7
6 130 144 150 152 164 164 164 2 . 0
7 124 138 138 140 144 145 145 2 . 5
8 154 162 166 169 170 168 169 1 . 9
9 165 172 172 174 174 175 175 1 . 8
1 0 135 151 158 166 171 172 172 2 . 6
1 1 116 127 140 144 146 150 148 3 . 2
1 2 134 137 139 130 134 133 134 2 . 8
13 133 144 156 157 158 162 160 2 . 1
14 136 143 145 147 150 151 151 2 . 3
15 138 143 144 144 146 149 148 2 . 4
16 128 138 145 152 151 150 151 2 . 3
17 124 130 130 132 130 130 130 3 . 0
18 1 2 2 132 133 138 143 138 141 2 . 6
19 119 114 131 131 141 140 141 2 . 6
2 0 126 133 130 137 133 131 132 2 . 9
APPENDIX H (con tin u ed )
> j e c t Age H t . Wt. T 1 T 2 T3
B e s t
Time
15 19 63 1 2 0 .60 .62 .56 .56
16 17 69 140 .58 .48 .47 .47
17 18 72 175 .51
00 .45 .45
18 18 70 160 .61 .58 .54 .54
19 25 71 175 .54 .49 .55 .49
2 0 19 69 161 .65 .61 .58
CO«
*Wt. X 6  X .552  = F o o t  pounds
* * F o o t  pounds _r — — ±r.-------- = PowerB e s t  Time
* * '~Foot p o u n d s / s e c o n d s   = Horsepower
550 f t .  -  p o u n d s / s e c o n d s
F t .  L b s .  Power Horsepower
(tip)
3 9 7 .4 4 709 .71 1 .29
4 6 3 .6 8 9 8 6 .5 5 1 .7 9
5 7 9 .6 0 1288 .0 0 2 . 3 4
5 2 9 .92 9 8 1 .33 1 .7 8
5 7 9 .6 0 1182 .86 2 .1 5
533 .2 3 919 .3 7 1 .6 7
vo
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APPENDIX H
GROUP I  (WHITE) 
ANAEROBIC POWER
B e s t  F t .  L b s .  Power Horsepower  
S u b j e c t  Age H t .  Wt. T]_ T2  T3  Time * * *  *** (hp)
I 18 71 165 .85 .75 .74 .74 5 4 6 .4 8 738 .4 9 1 .3 4
2 25 72 190 .58 .56 .55 .55 6 2 9 .2 8 1144 .15 2 .0 8
3 2 2 6 6 145 .53 .50 .50 .50 4 8 0 .2 4 9 6 0 .4 8 1 .7 5
4 18 73 175 .55 .51 .51 .51 5 7 9 .6 0 1136 .47 2 .0 7
5 19 6 8 135 .50 .50 .45 .45 4 4 7 .1 2 9 9 3 .6 0 1 .81
6 19 6 6 137 .77 .95 .71 .71 4 5 3 .7 4 6 3 9 .0 8  ■ 1 .16
7 2 1 6 8 166 .78 .69 .63 .63 549 .7 9 872 .6 9 1 .59
8 2 2 72 175 .58 .55 .53 .53 5 7 9 .6 0 1093 .5 8 1 .9 9
9 25 70 137 .62 .61 .58 .58 4 5 3 . 7 4 782 .3 1 1 .4 2
1 0 25 71 161 .64 .58 .53 .53 5 3 3 .2 3 1006 .10 1 .8 3
1 1 29 70 178 .65 .64 .62 .62 5 8 9 .5 4 950 .86 1 .73
1 2 24 69 180 .72 .71 .70 .70 596 .1 6 851 .6 6 1 .5 5
13 2 1 72 150 .50 .49 .38 .38 4 9 6 .8 0 1307 .37 2 .3 8
14 19 72 168 .54 .49 .55 .49 5 5 6 .4 2 1135 .5 4 2 .0 6
S u b j e c t  Age H t .  Wt. 1]^
1 23 71 167 .63
2 2 0 6 9 .5 143 .51
3 2 0 73 150 .57
4 17 71 181 .58
5 2 0 70 177 .59
6 25 72 194 .53
7 17 6 8 . 5 155 . 6 6
8 19 6 6 145 * O
'
0
9 2 1 6 6 147 .56
1 0 27 73 185 .55
1 1 23 6 8 150 .45
1 2 27 70 185 .59
APPENDIX I
GROUP I I  (BLACK) 
ANAEROBIC POWER
B e s t
T2  T3  Time F t .  L b s .  Power Horsepower
.64 .56 .56 5 5 3 .1 0 987 .6 9 1 .8 0
.50 .44 .44 4 7 3 .6 2 1076 .41 1.96
.50 .52 .50 4 9 6 .8 0 993 .6 0 1 .8 1
.49 .41 .41 599 .4 7 1462 .13 2 . 6 6
.54 .52 .52 5 8 6 .2 2 1127 .35 2 .0 5
.50 .52 .5 0 6 4 2 .5 3 1285 .06 2 . 3 4
.61 .52 .52 513 .3 6 987 .2 3 1.79
.54 .52 .52 4 8 0 . 2 4 9 2 3 .5 4 1 . 6 8
.58 .50 .50 4 8 6 .8 6 973 .7 3 1 .7 7
.53 .51 .51 6 1 2 .7 2 1201 .41 2 .1 8
.44 .42 .42 4 9 6 .8 0 1182.86 2 .1 5
.59 .59 .59 6 1 2 .7 2 1038 .51 1 .89
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S u b j e c t Age H t . Wt.
APPENDIX I  
T i  T2
( c o n t i n u e d )
B e s t  
T3 Time F t .  Lb s . Power H orsepower
13 22 73 180 .49 .47 .46 .46 596 .16 1296 .00 2 .3 6
14 23 70 189 .53 .48 .49 .48 6 2 5 .9 7 1304 .1 0 2 .3 7
15 20 63 137 .61 .65 .65 .61 4 5 3 .7 4 743 .84 1 .35
16 19 69 148 .64 .57 .51 .51 4 9 0 .1 8 9 6 1 .1 3 1 .75
17 19 71 155 .58 .46 .45 .45 513 .3 6 1140 .80 2 .0 7
18 21 . 72 207 .55 .51 .54 .51 6 8 5 .5 8 1344 .28 2 . 4 4
19 20 75 155 .48 .46 .44 .4 4 5 13 .3 6 1166 .73 2 .1 2
20 17 67 150 .58 .53 .55 .53 4 9 6 .8 0 937 .8 0 1 .7 0
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